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LETTER  OF  TRANSMITTAL, 


Department  of  the  Interior, 
United  States  Geological  Survey, 

Washingto?i,  D.  C,  March  SI,  1901^. 
Sir:  I  have  the  honor  to  tmnsmit  herewith  a  manuscript,  entitled 
*' Contributions  to  the  Hydrology  of  Eastern  Tnited  States,  1W4." 
This  paper  is  the  second  of  a  series  of  contributions  relating  largely 
to  the  hydro-geology  of  the  eastern  portion  of  the  country,  the  fii*st 
having  been  published  as  Water-Supply  and  Irrigation  Paper  No.  102, 
and  has  been  prepared  as  the  result  of  investigations  of  underground 
currents  and  artesian  wells,  as  authorized  by  law.  It  includes  23  short 
papei-s  by  19  geologists,  physicists,  and  others  connected  with  the 
eastern  section  of  the  division  of  hydrology.  The  aim  is  to  present 
the  results  of  subordinate  lines  of  investigation  which,  because  of  their 
limited  length,  do  not  warmnt  separate  publication. 

A  number  of  points  of  unusual  interest  are  considered  in  the  report. 
A  full  description  of  the  electrical  apparatus  devised  by  Prof.  C.  S. 
Slichter  for  measuring  underflow  is  presented  for  the  first  time.  The 
description  of  the  experiment  at  Quitman,  Ga.,  for  determining  the 
liability  to  pollution  of  deep  wells  is  an  account  of  a  practical  investi- 
gation which  proved  to  l)e  of  great  importance  in  preventing  steps 
that  might  have  led  to  a  serious  contamination  of  the  underground 
waters  and  a  possible  epidemic. 

Verj'  respectfully,  F.  H.  Newell, 

(  7/  /V /*  Engineer, 
Hon.  CHARLK8    D.    Walcott, 

Director  Uititeii  States  Geological  Survey, 
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rONTRlBUTlONS   TO    THE   HYDROLOriY   OF 
EASTEM  UNITED  STATES,  1904. 


M.  L.  Fuller, 

Ceologint  hi  Charge. 


INTRODUCTION. 


Bv  M.  L.  Fuller. 


OIWECT   OF    REPORT. 


The  present  paper,  which  is  the  second  of  the  series  of  ''Contribu- 
tions to  the  Hydrology  of  Eastern  United  States/'  includes  28  short 
reports  by  19  geologists  and  others.  Of  these  the  longer  pai>ers  have 
been  contributed  by  those  connected  with  the  eastern  section  of  the 
division  of  hydrology,  but  several  that  embody  summaries  of  the 
water  resources  of  regions  covered  by  geologic  investigations  have 
been  prepared  by  members  of  the  geologic  branch.  The  aim  in  pre- 
paring the  report  is  to  present  the  results  of  suliordinate  investigations, 
the  length  or  scope  of  the  reports  of  which  do  not  warrant  their 
publication  as  separate  papers.  In  this  wav  there  is  presented  a 
considerable  amount  of  material  of  local  interest,  especially  in  regions 
where  complete  investigations  are  not  practicable.  The  paper  is  also 
intended  to  afford  opportunity  for  publication  of  the  results  of  labora- 
tory or  other  physical,  mechanical,  or  mathematical  investigations 
l)earing  on  underground  water  supplies. 

SUMMARY. 

The  papers  included  may  be  briefly  summarized  as  follows: 

Description  of  the  Underflow  Meter  used  in  Measuring  the  Velocity  and  Direction 
of  Undergronnd  Water,  by  CharleP  8.  filichter. 

The  electrical  appaititus  described  in  this  paper  is  intended  to 
replace  the  inaccurate  estimation  of  underflow  based  on  size  of  mate- 
rial and  head,  and  the  troublesome  chemical  method.  C'ommonly  the 
test  wells  required  b^'  the  present  niethcxl  consist  of  a  group  of  four 
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2-inch  driven  wells,  one  located  on  the  side  from  which  the  flow  is 
expected  and  the  other  three  in  the  arc  of  a  circle  4  or  6  feet  in  radius 
on  the  downflow  side.  These  are  from  24  to  30  inches  apart.  Elec- 
trical cx>nnection  is  made  with  each  well  and  the  upstream  well  is 
charged  with  sal  ammoniac  or  other  electrolyte.  The  appearance  of 
the  salt  at  or  near  any  one  of  the  lower  wells  is  recorded  by  an  electric 
device,  of  which  there  are  two  types,  nonrecording  and  recording.  A 
full  description  of  the  construction  and  use  of  the  apparatus  is  given. 

The  California  or  "Stove- Pipe"  Method  of  Well  Construction,  by  Charles  S. 
81ichter. 

In  the  larger  joumber  of  the  wells  in  the  gravels,  sands,  etc.,  of  the 
Coastal  Plain  regions  of  the  Atlantic  States  and  elsewhere,  the  hole  is 
tightly  cased  throughout,  the  onlj^  point  of  entrance  for  the  water 
being  at  the  bottom.  Only  one  water  bed  can  be  drawn  upon  in  such 
wells.  In  California,  and  to  some  extent  elsewhere,  however,  a  method 
is  in  use  whereby,  by  means  of  casings  perforated  at  intervals,  water 
can  enter  the  well  at  a  number  of  different  levels.  The  casing  con- 
sists of  a  steel  shod  ''  starter,''  15  to  25  feet  long,  and  sections  of  steel 
pipe  2  feet  in  length  overlapping  with  flush  joints.  The  casing  is 
forced  downward,  length  by  length,  by  hydraulic  jacks  to  the  desired 
depth.  In  one  well  a  depth  of  over  1,300  feet  has  been  reached. 
After  the  well  has  been  forced  to  the  required  depth  a  cutting  knife, 
two  types  of  which  are  figured  in  the  paper,  is  lowered  and  slits  or 
holes  are  cut  through  the  casing  at  the  points  w^here,  according  to  the 
record,  water  is  known  to  occur.  As  much  as  400  feet  of  a  500- foot 
well  may  be  perforated  if  the  conditions  demand  it.  The  type  of  well 
described  has  many  advantages  in  addition  to  that  of  rendering  several 
sources  of  water  simultaneously  available,  and  will  doubtless  be  of 
great  value  in  many  localities  in  the  east  when  the  waters  at  the  differ- 
ent levels  are  under  similar  heads. 

Approximate  Methods  of  Measuring  the  Yield  of  Flowing  Wells,  by  Charles  S. 
Slichter. 

In  this  paper  descriptions  of  simple  methods  and  tables  for  the 
approximate  field  determinations  of  the  yield  of  artesian  wells  are 
given.  The  tables  relating  to  completely  filled  pipes,  both  horizontal 
and  vertical,  are  reprinted  from  a  private  report  by  J.  E.  Todd,  while 
those  relating  to  measurement  of  flows  from  partially  filled  horizontal 
and  inclined  pipes  are  new.  The  only  instrument  required  is  a  foot 
rule,  and  the  measurement,  which  consists  in  measuring  the  height  of 
the  jet  in  the  case  of  a  vertical  pipe  or  its  lateral  projection  in  the  case 
of  a  horizontal  pipe,  can  be  made  in  a  few  moments.  The  results  are 
within  about  10  per  cent  of  the  actual  flow,  which  error  is  no  greater 
than  the  average  daily  variation  of  flow  due  to  changes  of  barometric 
pressure. 
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Corrections  Necessary  in  Accurate  Determinations  of  Flow  From  Vertical  Well 
(^asings,  from  Note*<  furnished  by  A.  N.  Talbot. 

This  paper  deals  with  certain  corrections  which  it  is  necessary  to 
apply  to  the  figures  of  the  field  tables  compiled  by  J.  E.  Todd  and 
Charles  S.  Slichter  in  those  cases  where  refined  measurements  of  flows 
from  vertical  well  casings  are  desired.  A  simple  apparatus  for  meas- 
uring the  height  of  the  water  jet  is  illustrated,  and  a  diagram  showing 
by  curves  the  coefficients  of  discharge  is  given.  It  was  found  that 
w^ith  jets  less  than  a  foot  in  height  the  actual  discharge  is  from  7i  to 
12i  per  cent  lower  than  the  discharge  computed  from  the  tables  for 
2-inch  to  6-inch  pipes. 

Experiment  Relating?  to  ProV)lem8  of  Well  Contamination  at  Quitman,  Ga.,  by 
S.  W.  McCallie. 

Manj'  of  the  disastrous  epidemics  which  have  visited  the  towns  and 
cities  of  this  country  have  l)een  traced  to  polluted  drinking  water. 
The  present  paper  deals  with  a  successful  effort  made  to  determine  the 
possibility  of  pollution  of  the  deep  wells  at  Quitman,  Ga.,  the  result 
of  which  was  to  prevent  a  step  that  might  have  had  fatal  results. 
In  a  well  drilled  in  1903  at  Quitman  a  cavity  containing  what  was 
regarded  as  a  subterranean  stream  was  encountered,  and  it  was  thought 
that  such  a  stream  would  afford  an  admirable  method  of  disposing  of 
the  city's  sewage.  Objections  were  at  once  raised,  however,  on  every 
hand,  because  of  the  liability  of  pollution  of  wells  or  springs  of  the 
region.  To  test  this  possibility  2  tons  of  salt  were  put  into  one  of 
the  wells,  while  samples  of  water  from  all  other  wells  and  springs  in 
the  vicinity  were  taken  at  short  intervals  and  analyzed.  The  results 
showed  that  the  salt  had  penetrated  the  deep  wells  and  demonstnited 
that  the  emptying  of  sewage  into  the  underground  stream  would  have 
resulted  in  the  pollution  of  the  waters  of  all  the  deep  wells  in  town 
and  would  possibly  have  led  to  a  serious  epidemic. 

The  New  Artesian  Water  Supply  at  Ithaca,  N.  Y.,  by  Francin  L.  Whitney. 

In  this  paper  Mr.  Whitney  presents  an  account  of  the  outbreak  of 
the  typhoid  epidemic  of  1903  and  the  steps  taken  by  various  local 
Inxlies  to  obtain  a  pure  supply.  The  deep  wells  sunk  in  the  gravels, 
.^nds,  and  clays  in  the  valley  of  Cayuga  Inlet  just  above  Ithaca  are 
described,  and  the  source  and  geologic  occurrence  of  the  supply  are 
discussed.  Records  of  ad  of  the  wells  are  given,  the  more  importimt 
Ih'ing  shown  by  diagrams.  The  success  of  the  wells,  both  as  to  the 
quantity  and  the  quality  of  the  water,  is  of  special  interest,  as  like 
supplies  could  doubtless  be  obtained  at  many  points  in  New  York  and 
New  England  which  are  similarly  situated. 

Drille<l  Wells  of  the  Triassic  Area  of  the  (Connecticut  Valley,  by  W.  H.  G. 
Pynchon. 

The  paper  gives  a  sketch  map  and  section  showing  the  principal 
geologic  features  of  the  area  and  describes  the  charact(»r  and  succession 
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of  the  eastward-dipping  series  of  sandstones,  shales,  and  interbedded 
or  intruded  traps  throughout  the  Triassic  area  of  Massachusetts  and 
Connecticut.  The  geologic  discussion  is  followed  by  descriptions  of  a 
considerable  number  of  wells,  in  which  several  points  of  interest  are 
emphasized,  including  the  nearly  uniform  water-bearing  character  of 
the  sandstones,  the  high  percentage  of  mineral  matter  present  in  all  the 
water,  and  the  general  absence  of  flowing  wells. 

Triaseic  Rocks  of  the  Connecticut  Valley  as  a  Source  of  Water  Supply,  l)y 
M.  L.  Fuller. 

In  this  paper  a  review  is  given  of  the  occurrence  of  waters  in  Tri- 
assic rocks  of  various  tj^pes,  including  conglomerates,  sandstones, 
shales,  and  traps,  and  the  structure,  jointing,  and  faulting  of  the  rocks 
and  their  influence  on  the  underground  waters  are  described.  Sum- 
maries of  the  conditions  favorable  and  unfavorable  to  flowing  water 
are  given  and  a  number  of  important  conclusions  presented.  While 
all  of  the  Triassic  rocks  except  the  traps  will  usually  be  found  to  be 
water  bearing,  the  conditions,  because  of  the  interruption  of  the  beds 
due  to  faulting  or  jointing,  will  rarely  be  favorable  to  flowing  wells, 
and  high  heads  can  never  be  expected.  The  water  will  in  most  instan- 
ces be  found  to  be  highly  mineralized,  but,  except  possibly  in  the 
shallower  wells  in  crowded  cities,  will  rarely  be  subject  to  pollution. 
Attention  is  called  to  the  need  of  keeping  accurate  records  and  of 
thoroughly  testing  each  well;  and  the  question  of  the  proper  depth  of 
wells  is  discussed. 

Spring  System  of  the  Decaturville  Dome,  Camden  County,  Mo.,  by  E.  M. 
Shepard. 

In  the  center  of  this  area  is  a  maas  of  granite  (pegmatite)  that  ha8 
apparently  been  thrust  upward  through  the  surrounding  Paleozoic 
limestones  and  other  rocks,  which  are  thereby  tilted  away  from  it  in 
all  directions.  The  dome  thus  formed  is  surrounded  at  a  distance 
of  several  miles  by  a  line  of  springs,  the  channels  of  which  seem  to 
radiate  from  the  center  of  the  dome,  from  which  direction  the  waters 
appear  to  come.  Several  deep  flowing  wells  in  similar  situations  also 
derive  water  from  the  outward-sloping  rocks.  Descriptions  are  given 
of  man}'^  of  the  springs,  some  of  which  are  of  immense  size  and  pre- 
sent many  points  of  interest. 

Water  Resources  of  the  Fort  Ticonderoga  Quadrangle,  Vermont  and  New  York, 
by  T.  Nelson  Dale. 

In  this  area,  which  lies  on  the  line  between  Vermont  and  New  York, 
there  are  several  important  towns,  including  Ticonderoga  in  New 
York,  and  Proctor,  Bmndon,  Poultney,  and  West  Rutland  in  Ver- 
mont. The  land  varies  considerably  in  altitude,  ranging  from  low 
plains  near  I^ake  Champlain  to  ridges  2,700  feet  high,  such  as  the  one 
southwest  of  West  Rutland.     In  general  the  region  is  well  watered, 
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having  numerous  springs  and  streams.  The  larger  streams  have,  how- 
ever, tecome  subject  to  pollution  as  the  industries  and  towns  along 
their  banks  have  grown  up.  The  limestones  or  dolomites  of  the  area 
would  doubtless  yield  water  if  penetrated  by  deep  wells,  but  it  would 
probably  be  hard  and  in  some  cases  might  be  liable  to  pollution.  The 
>andy  portion  of  the  drift  yields  considerable  quantities  of  water, 
but  the  clays  near  the  lake  give  unsatisfactory  supplies. 

Water  Resources  of  the  Taconic  Quadrangle,  New  York,  Massachusetts,  and  Ver- 
mont, by  F.  B.  Taylor. 

The  center  of  this  area  falls  almost  exactly  at  the  point  at  which  the 
boundaries  of  the  three  States  mentioned  come  together.  The  area  is 
mountainous  except  in  the  western  third,  although  it  contains  valleys 
with  bottoms  as  low  as  350  feet  above  sea.  The  drainage  is  by  the 
Hoosai^  River,  along  which,  as  well  as  along  its  tributaries,  there  are 
water  powei-s  that  are  either  utilized  or  available.  Practically  all  the 
cities  and  towns  in  the  quadrangle  obtain  their  water  supplies  from 
mountain  streams,  but  a  large  proportion  of  the  rural  inhabitants  pro- 
cure their  supplies  from  springs.  One  important  mineral  spring, 
developed  at  a  sanitarium,  occurs  along  a  probable  fault  line. 

Water  Resources  of  the  Watkins  Quadrangle,  New  York,  by  Ralph  S.  Tarr. 

The  paper  gives  a  general  description  of  the  water  resources  of  this 
region,  which  includes  the  cities  of  Elmira  and  Ithaca,  in  the  southern 
portion  of  the  State.  Special  attention  is  given  to  the  subject  of 
obtaining  artesian  supplies  from  the  deep  gravel-filled  valleys,  and 
the  steps  taken  to  obtain  pure  supplies  from  such  a  source  at  Ithaca 
after  the  typhoid  epidemic  of  1903,  are  described.  A  number  of 
analyses  are  given. 

Water  Resources  of  the  Central  and  Southwestern  Highlands  of  New  Jersey,  by 
Lanrence  La  Forge. 

The  region  treated  in  this  paper  is  that  part  of  the  Highlands  which 
lies  south  of  Andover  and  Pompton,  including  about  two-thirds  of  the 
Highland  area  of  the  State.  The  population  is  mainly  located  in 
villager  and  is  dependent  largely  upon  manufacturing  industries  for 
support.  The  rocks  are  principally  of  granitic  types,  but  some  con- 
glomerate and  quartzite  occurs.  Lakes  and  ponds  are  numerous  in  a 
part  of  the  area  and  streams  are  abundant  and  afford  numerous 
water  powers  as  well  as  the  supply  for  the  Morris  Canal,  while  springs 
are  common  and  furnish  water  to  a  considerable  number  of  towns.  The 
surplus  water,  of  which  there  is  considerable,  may  in  the  future  become 
of  great  importance  as  a  source  of  supply  for  the  large  and  rapidly 
growing  urban  district  near  New  York.  The  paper  descril)os  the 
needs  of  this  district  and  the  amount  and  character  of  the  water  and 
its  availability  as  a  source  of  supply. 
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VVattT  Resources  of  the  ChambereburR  and  Mercersburg  QuadrangleB,  Peun- 
sylvania,  ]>>•  (Jeorge  W.  Stose. 

The  Chambersburg  and  Mercersburg  quadrangles  are  located  in  the 
Cumberland  Valley,  in  southern  Pennsylvania,  and  include  the  two 
important  towns  from  which  they  are  named.  They  are  crossed  by 
several  mountain  ridges  and  by  many  streams  that  afford  water  powers, 
some  of  which  have  already  been  utilized.  Many  springs  are  found 
in  the  various  rocks,  especially  in  the  limestone,  some  of  which  have 
l>een  developed  as  attractive  resorts.  The  public  water  supplies  are 
obtained  largely  from  spring-fed  mountain  streams,  and  in  several 
instances  directly  from  springs. 

Water  Resources  of  the  Curwensville,  Patton,  Ebensburg,  and  Bamesboro  Quad- 
rangles, Pennsylvania,  by  F.  <t.  Clapp. 

These  quadrangles  are  situated  near  the  eastern  edge  of  the  bitu- 
minous coal  field,  and  lie  mostly  within  the  limits  of  Clearfield  and 
Cambria  counties.  The  region  is  one  of  high  ridges  alternating  with 
valleys.  Springs  are  abundant  and,  except  in  towns,  constitute  the 
main  source  of  water  supply.  The  once  noted  Cresson  Springs  are  in 
the  area.  Many  wells  obtain  abundant  supplies,  both  from  the  stream 
gravel  and  from  the  rocks.  In  some  places  flowing  wells  are  obtained. 
More  than  ten  towns  are  equipped  with  water  systems.  The  majority 
obtain  their  supplies  from  streams,  but  several  procure  water  from 
springs  or  deep  wells. 

Water  Resources  of  the  Elders  Ridge  Quadrangle,  Pennsylvania,  by  Ralph  W. 
Stone. 

This  quadrangle  lies  in  Armstrong  and  Indiana  counties,  in  the  west- 
central  part  of  the  State.  In  general  the  surface  is  moderately  hilly 
and  is  drained  by  Kiskiminitas  River  and  other  streams  that  flow  west- 
ward into  Allegheny  River.  Some  present  available  water  powers. 
The  region  is  distinctly  a  rural  district,  without  large  towns,  and 
springs  and  shallow  wells  afford  the  only  source  of  water  supply.  The 
Mahoning  and  Pittsburg  sandstones,  which  overlie  the  coals  of  the 
same  name,  are  the  best  water  bearers. 

Water  Resources  of  the  Waynesburg  Quadrangle,  Pennsylvania,  by  Ralph  W. 
Stone. 

The  Waynesburg  quadrangle  is  located  in  Greene  Count}'^,  in  the 
southwest  corner  of  the  State.  The  topography  is  uniformly  hilly, 
the  crests  standing  generally  not  over  500  feet  above  the  valleys. 
The  area  is  drained  eastward  into  the  Monongahela  by  streams  of  low 
grade  and  small  volume,  with  few  if  any  available  water  powers. 
The  city  of  Waynesburg  obtains  its  public  water  supply  from  a  near-by 
stream,  but  the  water  is  frequently  highly  charged  with  silt  and  is 
generally  unsatisfactory.  The  smaller  towns  depend  on  shallow  private 
wells.     Some  of  the  rock  wells  yield  good  supplies,  especially  those 
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drawing  water  from  the  Wayncsburg  sandstone.  In  drilling  wells  to 
the  rock,  however,  care  must  be  taken  not  to  penetrate  the  coal. 
Springs  are  numerous  but  small. 

Water  Reeourcee  of  the  Accident  and  Granteville  Quadrangles,  Maryland,  by 
(J.  C.  Martin. 

The  area  covered  by  this  paper  is  located  in  the  "handle,"  in  the 
extreme  western  portion  of  Maryland.  The  topograph}^  is  essentially 
tliat  of  a  plateau,  standing  between  2,500  and  3.000  feet,  above  which 
rise  a  number  of  ridges.  It  is  drained  by  Youghiogheny,  Castleman, 
and  Savage  rivers,  all  of  which  would  afford  good  water  supplies. 
Springs  are  numerous,  especially  along  the  outcrop  of  the  Greenbrier 
limestone.  The  possibilities  of  artesian  waters  have  not  been  tested, 
although  bore  holes  sunk  for  other  purposes  have  given  flowing  water. 
It  Is  probable  that  such  flows  would  be  afforded  by  each  of  the  three 
synclines  which  cross  the  area. 

Water  Resoorces  of  the  Frostburg  and  Flintstone  (Quadrangles,  Maryland  and 
West  Virginia,  by  G.  C.  Martin. 

These  quadrangles  lie  just  east  of  the  Grantsville,  mainly  in  west- 
ern Maryland.  They  are  crossed  by  a  number  of  ridges  that  rise  as 
high  as  3,000  feet,  between  which  are  valleys  of  considerably  lower 
level.  Through  these  valleys  pass  the  north  and  south  branches  of 
Potomac  River  and  a  number  of  smaller  streams.  The  smaller 
streams  are  unpolluted  and  generally  afford  good  water.  Springs 
abound  in  the  limestone  regions.  Artesian  water  is  found  in  sand- 
stones of  Carboniferous  age,  and  it  is  thought  that  the  Oriskany  and 
Tuscarora  sandstones  probably  carry  artesian  water  in  the  synclines. 
A  large  part  of  the  water  supply  of  Frostburg  is  obtained  from  an 
artesian  well,  but  except  at  Cumberland,  there  is  otherwise  little 
demand  for  artesian  water. 

Water  Resources  of  the  Cowee  and  Pisgah  Quadrangles,  North  Carolina,  by 
Hoyt  S.  (rale. 

The  Cowee  and  Pisgah  quadrangles  are  located  in  the  heart  of  the 
Southern  Appalachians,  in  the  extreme  western  part  of  North  Caro- 
lina, They  are  tmversed  by  French  Broad  River  and  other  streams 
which  present  available  water  power  at  many  points.  The  whole 
region  abounds  with  springs,  generally  of  pure  water,  but  a  few  min- 
eral springs,  especially  chalybeate,  occur.  Of  these  the  carbonate 
springs  are  usually  avssociated  with  hornblendic  gneiss,  while  the  cha- 
lyl>eate  waters  are  associated  with  pyrite  deposits  along  faults.  Very 
few  wells  have  been  sunk  in  the  area. 

Water  Resources  of  the  Middlesboro-Harlan  Region  of  Sontheaptem  Kentucky, 
by  George  H.  Ashley. 

This  region  is  in  a  general  way  a  broad  basin  lying  l)etwoon  two  high 
mountain  ridges.     The  surface  is  cut  by  dee[)  ravines  sopamtcd  by 
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sharp  cre«ts.  The  rocks  are  of  the  Coal  Meajsurc  series  and  yield 
abundant  springs,  which  form  the  main  source  of  supply  of  the  st*at- 
tered  inhabitants.  Shallow  wells  are  frequently  relied  upon  in  the 
bottom  lands.  No  deep  wells  have  been  drilled  for  water,  but  flowing 
water  has  sometimes  been  obtained  from  wells  drilled  for  oil.  The 
public  supplies  of  Middlesboro  and  Pineville,  the  two  principal  towns, 
are  obtained  from  spring-fed  mountain  streams.  Some  available  water 
powers  exist. 

Summan^  of  the  Water  Supply  of  the  Ozark  Region  in  Northern  Arkansas,  by- 
George  I.  Adams. 

This  area  includes  portions  of  the  Boston  Mountain  belt  and  the 
Springfield  and  Salem  uplands,  the  limits  of  which  are  shown  in  fig.  32. 
The  rocks  consist  largely  of  Ordovician  dolomites  and  Carboniferous 
limestones,  the  former  being  confined  mainly  to  the  Salem  upland. 
Springs  are  especiall}'  numerous  in  the  Boone  limestone  and  chert  and 
the  Ordovician  dolomites,  but  some  are  also  found  in  the  Key  sand- 
stone. Some  of  the  springs  are  of  immense  size,  and  many  have  been 
developed  as  resorts. 

Notes  on  the  Hydrology  of  Cuba,  by  M.  L.  Fuller. 

During  the  American  occupation  of  Cuba  much  interest  was  aroused 
in  the  water  resources  of  the  island,  and  special  attention  was  given  to 
the  problem  of  water  supplies  for  the  various  cities.  This  paper  gives, 
after  a  r^sum^  of  geology,  topography,  and  drainage,  a  summary  of  the 
natural  water  resources,  including  underground  streams  and  springs, 
accounts  of  the  public  water  supplies,  and  descriptions  of  the  wells 
sunk  by  the  War  Department  for  the  various  military  posts.  Among 
the  principal  water  supplies  are  those  of  Habana,  Matanzas,  Cardenas, 
Cienfuegos,  Guantanamo,  and  Santiago.  Underground  water  courses 
in  the  soft  limestone,  some  of  them  of  considerable  size,  are  every- 
where present,  and  springs  are  very  common  in  many  regions.  The 
waters  are  generally  pure,  except  for  the  lime,  but  mineral  waters 
have  been  exploited  for  drinking  or  bathing  purposes  at  a  number  of 
localities.  The  wells  drilled  by  the  War  Department  were  located  at 
a  considerable  number  of  scattered  points.  In  general  they  were  suc- 
cessful in  obtaining  supplies  at  a  moderate  depth. 
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DESCRiraON  OF  UNDERFLOW  METER  USED  IN  MEAS- 
URING THE  VELOCITY  AND  DIRECTION  OF  MOVE- 
MENT OF  UNDERGROUND  WATER. 


By  Chablbs  S.  Slighter. 


A  brief  description  of  the  writer's  electrical  method  of  measuring 
the  velocities  of  underground  water  was  printed  in  the  Engineering 
News  of  February  20,  1902,  and  in  Water-Supply  and  Irrigation 
Paper  No.  67  of  the  United  States  Geological  Survey.  The  present 
account  will  give  a  more  detailed  description  of  the  form  of  the 
apparatus. 

APPARATUS. 

The  apparatus  used  is  of  two  types:  (1)  direct-reading,  or  hand 
apparatus,  -which  requires  the  personal  presence  of  the  operator  every 
hour  for  reading  of  instruments,  and  (2)  recording  apparatus,  which 
requires  attention  but  once  in  a  day.  The  arrangement  of  the  test 
wells  and  manner  of  wiring  the  wells  is  essentially  the  same  in  both 
forms  and  will  now  be  described. 

TEST  WELLS. 

The  testt  wells  may  be  common  li  or  2  inch  drive  wells  if  the  soil 
and  water-bearing  material  are  easily  penetrated,  and  if  the  depths  to 
be  reached  do  not  exceed  40  feet.  For  greater  depths  and  harder 
materials  wells  of  heavier  construction  should  be  used.  The  test 
wells  put  down  by  the  Commission  on  Additional  Water  Supply  for 
Greater  New  York  in  1903  are  suitable  for  ordinary  conditions  in  the 
eastern  part  of  the  United  States,  or  in  any  place  where  the  gravels 
are  not  too  coarse  or  too  compact.  These  test  wells  were  made  of  full- 
weight  standard  wrought-iron  2-inch  pipe,  in  lengths  of  6  or  7  feet, 
with  long  threads  (li-inch)  and  heavy  wrought  nipples.  The  well 
points  were  4-foot  standard  brass  jacket  points.  No.  60  wire  gauze. 
For  wells  no  deeper  than  30  feet,  closed-end  points  were  driven,  but 
for  deeper  work  open-end  points  were  used.  The  test  wells  were 
driven  in  place  by  use  of  a  ram  from  150  to  250  pounds  in  weight, 
simultaneously  hydraulicking  a  passage  for  the  pipe  with  water  jet  in 
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three-fourth  inch  standard  wash  pipe.  In  fine  material  there  was 
coupled  ahead  of  the  open  end  well  point  3  or  4  feet  of  pipe  carrying 
a  shoe  coupling,  so  that  the  sand,  in  running  in  through  the  open  end 
of  the  well,  would  not  rise  above  the  bottom  of  the  screen  inside  of  the 
finished  well. 

Mr.  Homer  Hamlin,  of  Los  Angeles,  Cal.,  has  devised  a  powerful 
drilling  rig  run  by  a  gasoline  engine,  which  enables  him  to  sink  te^t 
wells  in  the  bowlder  gravel  of  that  locality.  He  uses  a  special  double- 
strength  casing  with  flush  joints,  which  he  has  been  able  to  sink  to 
great  depths  with  his  remarkable  drilling  machine.  He  has  used  the 
electrical  method  for  determining  underflow  velocities  with  great 
success. 

The  test  wells  are  grouped  as  shown  in  fig.  1. 


Fig.  1.— Plan  of  arrangement  of  lej*t  well«  used  in  determining  the  velocity  and  direction  of  motion 
of  ground  waters.  A,  B,  C,  D  are  the  test  wells.  The  direction  A-C  in  the  direction  of  probable 
motion  of  the  ground  waters.  The  dimensions  given  in  plan  a  are  suitable  for  depths  up  to  about  25 
or  80  feet;  those  in  plan  b  for  depths  up  to  about  75  feet.  For  greater  depths  the  distances  A— B, 
A— C,  A— D  should  be  increased  to  9  or  10  feet  and  the  distances  B— C  and  C— D  to  4  feet.  The  weU 
A  is  the  "salt  well"  or  well  into  which  the  electrolyte  is  placed. 

In  case  the  wells  are  not  driven  deeper  than  25  feet,  an  ''  upstream  •' 
or  "salt  well,"  A,  is  located,  and  three  other  wells,  B,  C,  and  D,  are 
driven  at  a  distance  of  4  feet  from  A,  the  distance  between  B  and  C 
and  C  and  D  being  about  2  feet.  The  well  C  is  located  so  that  the 
line  from  A  to  C  will  coincide  with  the  probable  direction  of  tho 
ground-water  movement.  This  direction  should  coincide,  of  course, 
with  the  local  slope  of  the  water  plane.  For  deeper  work  the  wells 
should  be  placed  farther  apart,  as  shown  in  the  right  portion  of  fig.  1. 
For  depths  exceeding  75  feet,  a  radius  of  8  or  9  feet  and  chords  of  4 
feet  should  be  used,  the  general  requirement  being  that  the  wells 
should  be  as  close  together  as  possible,  so  as  to  cut  down  to  a  minimum 
the  time  required  for  a  single  measurement,  but  not  so  close  that 
important  errors  are  liable  to  be  introduced  by  the  inability  to  drive 
the  wells  perfectly  straight  and  plumb.  On  this  account  the  deeper 
the  wells  the  farther  apart  they  should  be  placed.  The  angles  BAG 
and  CAD  should  not  exceed  30  degrees. 
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METHOD   OF   WIRING. 

Electrical  connection  is  made  with  the  casing  of  each  test  well  by 
means  of  drilled  coupling  carrying  a  binding  jjost.  Each  of  the  down- 
stream wells,  B,  C,  D,  contains  within  the  well  point  or  screen  section 
an  electrode  consisting  of  a  nickeled  brass  rod  three-eighths  inch 
by  4:  feet,  insulated  from  the  cavsing  by  wooden  spools.  This  electrode 
communicates  with  the  surface  by  means  of  No.  14  rubber-covered 

B 


Fig.  2,— Diagram  illustrating  electrical  method  of  detennining  the  velocity  of  flow  of  gr*)und  water. 
The  ground  water  is  supposed  to  be  moving  In  the  direction  of  the  arrow.  Tlie  upstream  well  Is 
charged  with  an  electrolyte.  The  gradual  motion  of  the  ground  water  U)wanl  the  l()wer  well  and 
its  final  arrival  at  that  well  are  registered  by  the  ammeter  A.  B  is  the  battery  and  C  a  commutator 
clock  which  Is  used  if  A  is  a  recording  ammeter. 

copper  wire.  Fig.  2  illustrates  the  arrangement  of  electric  circuits 
between  the  upstream  well  and  one  of  the  downstream  wells.  An 
electrode  is  shown  in  PI.  I.  At  left  of  cut  there  is  shown  an  olec« 
trode,  such  as  is  used  i»   a  downstream  well.     The  electrode  is  4  feet 
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long,  made  of  three-eighths  inch  nickeled  brass  rod.  Insulators  arc 
of  wood.  The  end  of  rod  receives  a  No.  14  rubber-covered  wire,  to 
which  good  contact  is  made  by  a  simple  chuck  clutch.  At  right  of  cut 
are  shown  two  buckets  of  perforated  brass  used  in  charging  wells  with 
granulated  sal  ammoniac.  Size  of  each  is  If  by  30  inches.  Each  of 
the  downstream  wells  is  connected  to  the  upstream  well  in  the  manner 
shown  in  this  figure. 

DIRECT-READING   METER. 

A  view  of  the  direct-reading  underflow  meter  is  shown  in  PI.  II, 

A.  Six  standard  dry  cells  are  contained  in  the  bottom  of  the  box, 
their  poles  being  connected  to  the  six  switches  shown  at  the  rear  of 
the  case.  By  means  of  these  switches  any  number  of  the  six  cells 
may  be  thrown  into  the  circuit  in  series.  One  side  of  the  circuit  ter- 
minates in  eight  press  keys,  shown  at  the  left  end  of  tiie  box.  The 
other  side  of  the  circuit  passes  through  an  ammeter,  shown  in  the 
center  of  the  box,  to  two  three-way  switches  at  right  end  of  the  box. 
Four  of  the  binding  posts  at  the  left  end  of  the  box  are  connected 
to  the  casing  of  well  A  and  to  the  three  electrodes  of  wells  B,  C, 
and  D,  in  order.  The  binding  posts  at  the  right  end  of  the  box  are 
connected  to  the  casings  of  wells  B,  C,  and  D.  There  are  enough 
binding  posts  to  permit  two  different  groups  of  wells  to  be  connected 
with  the  same  instrument.  When  the  three-way  switch  occupies  the 
position  shown  in  the  plate,  to  press  the  first  key  at  the  left  end  of 
box  will  cause  the  ammeter  to  show  the  amount  of  current  between 
casing  of  well  A  and  casing  of  well  B.  When  the  next  key  is  pressed 
the  auMneter  will  indicate  the  current  between  the  casing  of  well  B 
and  the  electrode  contained  within  it.  In  the  first  case  the  current 
is  conducted  between  the  two  well  casings  by  means  of  the  ground 
water  in  the  soil;  in  the  second  case  by  means  of  the  water  within  well 

B.  By  putting  the  three-way  switch  in  second  position  and  pressing 
the  first  and  third  keys  in  turn,  similar  readings  can  be  had  for  cur- 
rent between  casings  A  and  C,  and  between  casing  C  and  its  internal 
electrode.  Similarly,  with  switch  in  third  position,  readings  are  taken 
by  pressing  first  and  fourth  keys.  The  results  may  be  entered  in 
notebook,  as  shown  in  Table  I. 

The  principles  involved  in  the  working  of  the  apparatus  are  ver\' 
simple.  The  upstream  well  A  is  charged  with  a  strong  electrolyte, 
such  as  sal  ammoniac,  which  passes  downstream  with  the  moving 
ground  water,  making  the  ground  water  a  good  conductor  of  electricity. 
If  the  ground  water  moves  in  the  direction  of  one  of  the  lower  wells, 
B,  C,  D,  etc. ,  the  electric  current  between  A  and  B,  A  and  C,  or  A 
find  D  will  gi'adually  rise,  mounting  rapidly  when  the  electrolyte 
begins  to  touch  one  of  the  lower  wells.     When  the  electrolyte  finally 
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I.     UNDERFLOW   METER.   SHOWING  CONNECTIONS  WHEN    USED  AS 
DIRECT   READING  APPARATUS. 
The  switches  at  back  of  case  throw  any  of  the  dry  cells  in  bottom  of  box  in  or  out  of 
circu  t.     When  used  with   recording  amnneter,  only  two  connections  are  made, 
one  to  each  tide  of  battery  circuit;   but  the  ammeter  is  left  in  circuit  with  the 
recording  instrument,  to  indicate  whether  the  latter  is  working  properly. 


B      COMMUTATOR  CLOCK,   FOR   USE  WITH    RECORDING  AMMETER. 
The  clock  makes  electrical  contact  at  any  five-mmute  interval. 
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reaches  and  enters  inside  of  one  of  the  wells  B,  i\  D,  it  forms  a  short 
circuit  between  the  casing  of  the  well  and  the  internal  electrode, 
causing  an  abrupt  rise  in  the  electric  current.  The  result  can  be 
easily  understood  by  consulting  Table  I  and  fig.  3,  in  which  the  cur- 
rent is  depicted  graphically. 

Table  I. — Meld  record  of  eUdric  nirrent  during  underflow  measurements  at  station  5, 
Rio  Hondo  and  San  Oabriel  Rivera  California,  August  5  and  6,  1902, 


[Readings  in 

amperes 

and  decimals  of  an 

ampere.] 

WeUB. 

WellC. 

WellD. 

Time. 

Casing. 

Elec- 
trode. 

Casing. 

Elec- 
trode. 

Casing. 

Elec- 
trode. 

Remarks,  a 

8a.  m 

0.140 
Salt 
.160 
.168 
.180 
.192 
.202 
.205 
.208 
.210 
.218 
.226 
.230 
.240 
.250 
.276 
.350 
.420 
.510 
.560 
.550 
.520 

0.360 

.360 

.345 

.340 

.346 

.342 

.350 

.330 

.330 

.330 

.330 

.330 

.340 

.600 

.850 

1.550 

2.000 

2.200 

2.250 

2.250 

2.200 

0.142 
Salt 
.163 
.170 
.182 
.195 
.202 
.204 
.205 
.205 
.210 
.210 
.218 
.222 
.222 
.225 
.230 
.240 
.240 
.240 
.230 
.230 

0.332 

.330 
.325 
.320 
.340 
.320 
.320 
.310 
.310 
.310 
.310 
.320 
.315 
.310 
.310 
.310 
.310 
.310 
.310 

0.150 
Salt 
.170 
.180 
.192 
.202 
.210 
.210 
.210 
.210 
.212 
.218 
.220 
.223 
.225 
.225 
.230 
.230 
.230 
.230 
.230 
.225 

0.390 

8.15  a.  m 

8.30  a.  m 

INaa 

2  NH4CI 
INH4OI 

9a.  m 

1  Nftfn 

10  a.  m 

.390 
.380 
.370 
.370 
.360 
.370 
.360 
.360 
.360 
.350 
.352 
.360 
.340 
.340 
.340 
.340 
.330 
.330 

1  NH4CI 

11.40  a.  m 

1  p.  m 

2p.m 

3p.m 

4  p.  m 

5  p.m 

6  p.  m 

7  p.  m 

8p.  m 

9p.  m 

ia30p.m 

12  p.  m 

la.m.ft 

1NH,C1 

INaOl 

1  NH4CI 

INaOl 

1NH,C1 

2.30  a.  m 

4.15  a.  m 

5.30  a.  m 

1.... ...... 

7.46  a.  m 

8.15  a.  m 

9  a.  m 

«  The  electrolyte  was  lowered  into  well  A  by  means  of  a  perforated  brass  bucket,  1|  by  30  inches  in 
•d«e.  The  formula  "2  NH4Cr*  means  that  two  of  these  bucket*?,  full  of  ammonium  chloride,  were 
introdnced  into  well  A  at  the  time  indicated.    Each  of  these  buckets  held  2  pounds  of  t  he  salt. 

6  August  6. 
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The  time  which  elapses  from  the  chargin|]f  of  the  well  A  to  the  arri- 
val of  the  electrolyte  at  the  lower  well  gives  the  time  necessary  for  the 
ground  water  to  cover  the  distance  between  these  two  wells.  Hence,  if 
the  distance  between  the  wells  be  divided  by  this  elapsed  time,  the  result 
will  l)e  the  velocity  of  the  ground  water.  The  electrolyte  does  not 
appear  at  one  of  the  downstream  wells  abruptly;  its  appearance  there 
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FiQ.  8.— Curves  showing  electric  current  between  casing  of  well  A  and  casing  of  well  B  (heavy 
curve),  and  between  easing  of  well  B  and  its  internal  electrode  (dotted  cur\'e),  at  station  5,  San 
Gabriel  River,  California.  These  curves  illustrate  results  obtained  with  the  direct-reading  form  of 
apparatus. 

is  somewhat  gradual,  as  is  shown  by  the  curves  in  figs.  3  and  4.  The 
time  required  for  the  electrolyte  to  reach  its  maximum  strength  in  one 
of  the  downstream  wells  after  its  arrival  at  that  well  (and,  hence,  the 
time  required  for  the  current  to  reach  its  maximum  value)  may  vary 
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froQi  a  few  minuter  in  a  ease  of  high  ground  water  velocity  to  several 
hours  in  a  («se  of  low  velocity.  The  writer  formerly  supposed  that 
the  gradual  appearance  of  the  electrolyte  at  the  downstream  well  was 
largely  due  to  the  diffusion  of  the  dissolved  salt,  but  it  is  now  known 
that  diffusion  plays  but  a  small  part  in  the  result.  The  principal  cause 
of  the  phenomenon  is  the  fact  that  the  central  thread  of  water  in  each 
capillary  pore  of  the  soil  moves  faster  than  the  water  at  the  walls  of  the 
capillary  pore,  just  as  the  water  near  the  central  line  of  a  river  chan- 
nel usually  flows  faster  than  the  water  near  the  banks.  For  this 
reason,  if  the  water  of  a  river  be  made  suddenly  muddy  at  a  certain 


iniHiiiiiiiiiiiiiiiimiiiiiiiiiiii||ii» 
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9  10     12     2      4 

JUNE  21  &  22,  1903 


8      10     12      2      4       6      8      10    12 

VELOCITY  5.5  FEET  PER  DAY 


Fio.4.— Cuirei  showing  posibllity  of  use  of  direct-Kading  apparattu  when  well  points  are  not  used. 
The  casing  in  this  instance  consisted  of  common  black  2-inch  pipe,  with  a  few  small  holes  In  bottom 
section.  The  "casing"  curve  must  be  relied  upon  for  determining  velocity.  The  "electrode" 
curve  was  obtained  by  drawing  water  from  well  C,  as  shown  on  diagram,  the  charged  water  being 
drawn  into  the  well  through  the  small  holes  and  the  open  end  of  well. 

upstream  point,  the  muddiness  will  appear  somewhat  gradually  at  a 
downstream  point,  being  first. brought  down  by  the  mpidlj^  moving 
water  in  the  center  of  the  channel  and  later  l)y  the  more  slowly  moving 
water  near  the  banks.  The  effect  of  the  analagous  gradual  rise  in  the 
electrolyte  in  the  downstream  well  requires  us  to  select  the  "jwint  of 
inflection"  of  the  curve  of  electric  current  as  the  proper  point  to 
determine  the  true  time  at  which  the  arrival  of  the  electrolyte  should 
l)e  counted.     This  point  is  designated  by  the  letter  M  in  tigs.  3  and  4. 
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Owing  to  the  repeated  branching  and  subdivision  of  the  capillary 
pores  around  grains  of  sand  or  gravel  the  stream  of  electrolyte  issuing 
from  the  well  will  gradually  broaden  as  it  passes  downstream.  The 
actual  width  of  this  charged  water  varies  somewhat  with  the  velocity 
of  the  ground  water,  but  in  no  case  is  the  rate  of  the  divergence  very 


Pio.  5.— Diagram  showing  the  manner  in  which  the  electrolyte  spreads  in  paasing  downstream  with 
the  ground  water.  The  shaded  circle  shows  the  location  of  the  salted  well,  and  samples  were  taken 
from  small  test  wells  placed  in  the  sand  in  rows  and  columns  at  intervals  of  6  inches,  shown  by  dots 
in  the  diagram.  The  areas  of  the  circles  are  proportional  to  the  strength  of  the  electrolyte  found 
at  their  centers.  The  rough  outline  indicates  the  area  covered  by  the  chaiged  water  at  the  times 
specified.  The  velocity  of  the  ground  water  (in  the  direction  of  the  arrows)  wa£  12  feet  a  d&y.  It 
can  be  seen  that  the  electrolyte  barely  reached  a  distajice  of  8  inches  against  the  direction  of  flow. 

great.  Figs.  5  and  6  show  some  actual  determination  of  the  spread  of 
the  electrolyte  around  a  well  in  a  coarse  sand,  in  one  case  the  ground 
water  moving  12  feet  a  day  and  in  the  other  case  moving  23  feet  a  day. 


Digitized  by  V^OOQ IC 


njOBm.] 


UNDERFLOW   METERS. 


25 


Samples  of  ground  water  were  taken  from  small  test  wells  plat'Cd  only 
6  inches  apart,  and  the  amount  of  salt  or  electrolyte  was  detennined 
chemically.  The  amomit  at  any  point  is  indicated  by  the  area  of  the 
circles  shown  in  the  diagrams.  It  will  be  seen  that  the  salt  barely 
showed  itself  at  a  distance  of  3  inches  upstream  from  the  well.  Three 
feet  downstream  from  the  well  the  width  of  the  salt  stream  was  about 
'^  feet  in  the  first  case  and  about  2  feet  in  the  other. 

It  is  possible  to  dispense  with  the  circuit  between  the  casing  of  well 
A.  to  the  casing  of  each  of  the  other  wells,  as  the  short  circuit  between 
the  well  and  electrode  forms  the  best  possible  indication  of  the  arrival 
of  the  electrolyte  at  the  downstream  well.  For  cases  in  which  the 
velocity  of  ground  water  is  high  the  circuit  to  well  A  is  practically  of 
no  value,  but  for  slow  motions  this  circuit  shows  a  rising  current 
before  the  arrival  of  the  electrolyte  at  the  lower  well,  often  giving 
indications  that  are  of  much  value  to  the  observer. 

The  method  can  be  used  successfully  even  if  only  common  pipe  be 
used  for  the  wells.  In  this  case,  however,  the  absence  of  screen  or 
perforations  in  the  wells  renders  the  internal  electrodes  useless,  and 
one  must  depend  upon  the  circuit  from  the  well  casing  of  the 
upstream  well  to  the  well  casing  of  the  downstream  well.  The  results 
in  Table  II  and  fig.  4  present  such  a  case.   • 

Tablb  II. — f^eld  record  of  electric  current  obtained  at  station  1,  Masaapequa,  Long 
Islandy  June  gj,  1908^  with  direct-reading  underflow  meter. 


[Readings  in  amperoB  and  dedmala  of  an  ampere.] 

Time. 

WeUB. 

WeUC. 

WellD. 

Casing. 

Electrode. 

Casing. 

Bleotrode. 

Casing. 

Electrode. 

8.46  a.  m               

0.03 

0.08 

0.03 

0.10 

0.03 

0.09 

9a.m.A 

9.30  a.  m.* 

.04 

.04 

.04 

.04 

.04 

.041 

.042 

.042 

.043 

.043 

.043 

.043 

.043 

.08 

.079 

.079 

.079 

.079 

.079 

.079 

.079 

.079 

.078 

.078 

.078 

.078 

.04 

.039 

.04 

.04 

.04 

.04 

.04 

.04 

.095 
.092 
.097 
.095 
.091 
.092 
.090 
.092 

.036 
.036 
.039 
.059 
.039 
.040 
.040 
.040 
.040 
.040 
.040 
.041 
.041 

.088 

10a.m   

.088 

10.30  a.in        

.087 

lla.m             

.087 

I1.30a.m        

.087 

12ni                

.087 

ip,  m 

.088 

1.30  p.  ID      .....--------• 

.088 

2p.in              

.04 

.092 

.089 

2%n.m           

.041  j       .094 
.041          .094 
.040  1       .094 
.  042        .  mA 

.088 

3  p.  m.  * 

3.30  p.  m 

4  p.  m 

.090 
.090 
.090 

a  10  |K>und8  of  sal  ammoniac  placed  in  well  A. 
62  pounds  of  8al  ammoniac  placed  in  well  A. 
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Table  11. — Field   record  of  electric  currerd   obtained  at  station  i,   MaHmpajtui,   Iajihj 
Jdandj  June  '2ly  1903 ,  with  direct-readijio  underflmv  meter — Continued. 


Time. 

Well  B. 

Well  C. 

Well  D. 

Caaing. 

0.043 
.043 
.045 
.045 
.045 
.045 
.045 
.049 
.048 
.050 
.050 
.051 
.051 
.050 
.053 
.063 

filectrode. 

0.078 
.078 
.078 
.078 
.078 
.078 
.080 
.080 
.079 
.079 
.079 
.079 
.079 
.079 
.079 
.079 

Casing.    Electrode. 

C4i.Ming. 

ElectrcMlo. 

4.30  p.  m 

0.042 
.042 
.043 
.043 
.046 
.046 
.048 
.049 
.050 
.070 
.095 
.120 
.147 
.168 
.178 
.188 

0.095 
.096 
.096 
.097 
.099 
.099 
.099 
.100 
.100 
.101 
.106 
.122 
.152 
.195 
.430 
.470 

n.3 

1.4 

1.4 

1.5 
''1.9 
^2.20 
rf2.20 

2.20 

2.20 
*2.30 

2.30 
^2.30 

0.041 
.041 
.041 
.042 
.041 
.041 
.042 
.043 
.043 
.045 
.047 
.049 
.050 
.050 
.050 
.050 

0.  OlM) 

5  p.m 

5.30  p.  m 

.090 
.090 

6.30  p.m 

7  p.m 

7.30p.m.o 

8  p.m 

8.30  p.m 

9  p.  m.... 

.091 
.091 
.090 
.093 
.094 
.094 

10.30  p.m 

12  p.m 

1  a.m.  ft 

2  a.  m 

.095 
.095 
.099 
.100 

3  a.m.a 

4  a.m 

.100 
.100 

4.30  a.m 

4.40  a.m 

.100 

5  a.m 

.053 

.075 

.200 
.200 
.260 
.260 

.050 

.100 

6  a. m.. ... 

7.45  a.m 

8  a.  m 

.052 

.075 

.050 

'MOO 

8.15  a.ni 

8.30  a.  m 

9.15  a.  m 

.26 

.25 
.245 

.049 
.049 

.099 

10  a.m 

.050 

.072 

.099 

10  a.  m 

11  a.m 

11  a.m 

.   . 

a 2  pounds  of  sal  ammoniac  placed  In  well  A. 

ft  June  22, 1903. 

o  Before  this  reading  some  water  was  taken  from  well  C. 

d About  2  quarts  of  water  was  taken  from  well  C  before  this  reading. 

«  After  6  quarts  of  water  was  taken  from  well  C 

In  this  case  the  wells  were  not  provided  with  well  points,  but  did 
possess  a  4-foot  length  of  pipe,  provided  with  four  or  five  holes  on 
opposite  sides  of  the  pipe,  containing  small  one-half  inch  washer 
screens.  These  few  openings  are  not  sufficient  to  permit  the  electro- 
lyte to  freely  enter  the  well,  so  that  readings  between  casings  must  be 
relied  upon  for  results.  As  a  matter  of  fact,  enough  of  the  electro- 
lyte did  get  into  the  well  to  give  small  increased  readings,  })ut  in  order 
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t<>o>>tain  the  electrode  residin^s  given  in  the  table,  water  was  removed 
from  the  downstream  wells  by  a  small  })ucket  holding  about  6  ounces, 
so  as  to  force  a  quantity  of  the  water  surrounding  the  well  into  the 
perforated  sections.  The  notes  appended  to  Table  II  show  times  of 
*•  bucketing'"  well  C,  and  comparison  with  the  column  headed  "  well  C, 
electrode''  shows  the  effect  on  the  strength  of  solution  in  the  well.  In 
cases  where  good  well  points  are  used  the  ground  water  charged  with 
the  electroU^te  finds  its  way  gradually  and  naturally  into  the  well. 
The  well  point  should  be  clean  enough  to  allow  as  free  passage  into 
the  well  SLs  through  the  soil  itself.  Second-hand  points  used  for  this 
purpose  may  show  a  marked  lag  in  the  entry  of  the  electrolyte. 


9:10  A.M. 


WELL  SALTED  AT  8:45  A.M. 


FN.  ft.— VUrnie  showing' condltionB  similar  to  those  shown  in  flg.  6,  bnt  with  ground  water  moving 
about  twice  as  fast,  or  22.9  feet  a  day.  The  electrolyte  spreads  less  rapidly  for  the  higher  velocities 
as  ts  seen  by  compering  this  diagram  with  fig.  6. 

Granulated  sal  ammoniac  is  used  to  dose  well  A.  A  single  charge 
may  vary  from  4  to  10  pounds.  If  common  pipe  without  points  or 
screen  is  used  for  the  wells,  so  that  internal  electrodes  miust  be  dis- 
jK'nsed  with,  doses  of  about  2  pounds  each  should  be  repeated  al)out 
every  hour.  The  dry  salt  should  not  be  poured  directly  into  the  well, 
but  should  be  lowered  in  perforated  buckets,  as  shown  in  PI.  I.  These 
buckets  are  If  by  30  inches  and  hold  about  2  pounds  of  the  salt.  Two 
of  these  buckets  may  be  tied  one  above  the  other  for  the  initial  charge 
and  followed  by  two  more  in  ten  oi*  twenty  minutes. 
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If  the  wells  are  not  too  deep  the  sal  ammoniac  may  be  introduced 
into  the  well  in  the  form  of  a  solution.  A  common  bucket  full  of 
saturated  solution  is  sufficient.  There  is  an  uncertainty  in  iutroduc- 
in^  the  sal  ammoniac  in  solution  in  deep  wells,  as  the  time  required 
for  the  solution  to  sink  to  the  bottom  of  the  well  may  be  consideral»lo. 

The  ammeter  used  in  the  work  has  two  scales,  one  reading  from  0 
t<)  1.5  amperes  and  the  other  from  0  to  5  amperes.     With  a  given 
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VELOCITY  8.6  FEET  PER  DAY 


Pio.  7.— Electrical  current  for  well  C,  station  14,  Lonj^  Island,  plotte<l  on  coordinate  paper.    The 
record  wan  taken  from  the  (»hart  shown  In  upper  part  oi  l\g.  13. 

number  of  cells  the  amount  of  current  between  the  upstream  and  a 
downstream  well  will  depend,  of  course,  upon  several  factors,  such  jvs 
the  depth  of  the  wells  and  their  distance  apart,  but  more  especially 
u[X)n  the  amount  of  dissolved  mineral  matter  in  the  <^round  water.  The 
initial  stren<(th  of  the  current  (^n  1k»  re4uiily  adjusted,  however,  after 
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A.     COMMUTATOR  CLOCK.  FOR  USE  WITH   RECORDING  AMMETER. 

The  clock  works  can  be  removed  for  cleaning  or  oiling  without  disturbing  the  rest 
of  the  mechanism. 


B,     RECORDING  AMMETER.  COMMUTATOR  CLOCK.  AND   BATTERY   BOX,   IN    USE 

IN   THE   FIELD. 

The  mstruments  are  shown  as  arranged  in  a  rough  box  16  by  22  by  36  inches,  covered  with  tar  paper. 
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the  wells  have  been  connected  with  the  in.strunionts,  by  turning  on  or 
off  some  of  the  battery  cells  by  means  of  the  switches  at  the  rear  of 
the  box.  It  is  a  good  plan  to  use  cells  enough  to  make  the  initial  cur- 
rent between  one-tenth  and  two-tenths  of  an  ampere. 


SELF-RECORDING   METER. 


In  the  second  form  of  underflow  meter  self-recording  instruments 
are  used,  so  as  to  do  away  with  the  tedious  work  of  taking  the  fre- 
quent observations,  day  and  night,  required  when  direct-reading  instru- 


#        AUG.  3r 
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VELOCJTYKO  96  FEET  PER  DAY.  -(2.)  6,9  PBET  PER  DAY 


Fig.  8.— Electrical  current  for  well  C,  station  13,  Long  Island,  plotted  on  coordinate  paper.  The 
rw^^rd  wa*  taken  from  the  chart  shown  in  the  lower  partof  Hk-  7.  The  curve  indicates  twodiffercnt 
vHocities  in  different  beds  of  gravel  penetrated  by  the  test  wells.  One  velocity  is  96  feet  a  day;  the 
other  6.9  feet  a  day. 

ments  are  used.  The  arrangement  of  the  apparatus  i.s  not  materi- 
ally different  from  that  described  above.  In  the  plac»e  of  the  direct 
reading  ammeter  a  special  recording  ammeter  is  used,  having  a  range 
of  0  to  2  amperes.     It  has  been  found  practicable,  although  it  is  a 
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matter  of  no  small  difficulty,  to  construct  an  instrument  of  this  low 
range  sufficiently  portable  for  field  use  and  not  too  delicate  for  the 
purpose  for  which  it  is  intended.  The  ammeter  has  a  resistance  of 
about  l.f>  ohms  and  is  provided  with  oil  dash  pot  to  dampen  swing  of 
arm  carrying  the  recording  pen.  The  instruments  were  manufactured 
by  the  Bristol  Company.  The  ammeters  have  gone  through  hard  usjigc 
in  the  field  without  breakage  or  mishap.  The  portability  of  the  instru- 
ments will  be  materially  increased  by  changes  in  design  which  are  now 
being  made. 

The  methods  of  wiring  the  wells  when  the  recording  instruments 
are  used  is  slightly  changed.  In  this  case  one  side  of  the  battery  cir- 
cuit is  connected  to  casing  of  well  A  and  to  all  of  the  electrodes  of 
wells  B,  C,  and  D.  The  other  side  of  the  battery  is  run  through  the 
recording  ammeter  to  a  commutator  clock,  which  once  every  hour 
makes  a  contact  and  completes  the  circuit,  one  after  the  other,  to  a 
series  of  binding  posts.  One  of  these  binding  posts  is  connected  to 
the'casing  of  well  B,  one  to  the  casing  of  well  C,  and  one  to  the  casing 
of  well  D.  The  time  of  contact  is  ten  seconds,  which  gives  an  abun- 
dance of  time  for  the  pen  to  reach  its  proper  position  and  to  properly 
ink  its  record. 

PI.  II,  B^  and  PI.  Ill,  ^1,  show  two  commutator  clocks  made  for  this 
purpose  by  the  instrument  maker  of  the  College  of  Engineering, 
University  of  Wisconsin.  The  clock  movement  is  a  standard  movement 
of  fair  grade,  costing  about  $5.  It  can  readily  be  taken  from  the  case 
for  cleaning  or  oiling  and  replaced.  A  seven-day  marine  movement, 
with  powerful  springs,  is  best  for  this  purpose. 

It  will  be  seen  from  the  method  of  wiring  the  wells  that  the  record 
will  show  the  sum  of  the  current  between  well  A  and  well  B  added 
to  the  current  between  the  casing  of  well  B  and  its  electrode.  The 
removal  of  the  connection  to  well  A  would  permit  the  recx)rd  to  show 
the  current  between  the  casing  of  a  downstream  well  and  its  electrode, 
but  the  connection  to  the  upstream  well  involves  no  additional  trouble, 
and  occasionally  its  indications  are  of  much  service,  especially  if  the 
velocities  are  low. 

All  of  the  instruments  above  mentioned  can  })e  placed  in  a  common 
box  16  by  22  by  36  inches,  covered  with  tar  paper  and  locked  up. 
PI.  Ill,  B^  shows  a  photograph  of  the  instruments  thus  arranged. 
The  shelf  contains  the  recording  ammeter  (shown  at  left  of  cut)  and 
the  comnmtator  clock  (shown  at  right  of  cut). 

The  contacts  on  the  commutator  clock  are  arranged  about  five  min- 
utes apart,  so  that  the  record  made  for  the  wells  will  appear  on  the 
chart,  as  a  group  of  lines,  one  for  each  downstream  well,  of  length 
corresponding  to  the  strength  of  the  current.  The  increasing  current 
corresponding  to  one  of  the  wells  will  finally  be  indicated  by  the 
lengthening  of  the  record  lines  for  that  well.     This  can  be  seen  by 
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Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


PucHTKRl  IINDERFLOW   METERS.  31 

consulting  the  photographs  of  records  shown  in  PI.  IV.  In  the  upper 
chart  the  electrical  current  for  wells  B,  C,  and  D  at  station  14,  Lon^- 
Island,  is  recorded,  in  the  order  named,  at  2.10,  2.15,  and  2.20  p.  m., 
and  hourly  thereafter,  the  current  remaining  nearly  constant  at  twenty- 
two  to  twenty -four  hundredths  ampere  until  10.15  p.  m.,  when  the  cur- 
rent for  well  C  rises  as  indicated  in  the  chart.  In  the  lower  chart  the 
electrical  current  for  wells  B,  C,  and  D  is  recorded,  in  the  order  named, 
at  6.30,  6.35,  and  6.40  p.  m.,  and  hourly  thereafter.  The  current  for 
wells  B  and  D  remains  constant  at  twenty-five  hundredths  ampere, 
but  the  current  for  well  C  is  seen  to  rise  as  shown  in  the  chart.  The 
record  charts  are  printed  in  light-green  ink,  and  red  ink  is  used  in 
the  recording  pen,  so  that  record  lines  can  be  readily  distinguished 
when  superimposed  upon  the  lines  of  the  chart.  A  special  chart  has 
been  designed  for  this  work  and  is  furnished  by  the  Bristol  Company 
as  chart  458. 

The  recording  instruments  in  use  have  given  perfect  satisfaction, 
and  the  method  is  a  great  improvement  in  accuracy  and  convenience 
over  the  direct-reading  method.  The  highest,  as  well  as  the  lowest, 
ground-water  velocities  yet  found  have  been  successfully  measured  })y 
the  recording  instruments.  By  using  one  or  two  additional  dry  cells 
the  instrument  may  be  made  quite  as  sensitive  as  the  direct-reading 
type. 

In  asing  the  recording  instruments,  but  a  single  dose  of  salt  need  be 
placed  in  the  upstream  well.  If  the  wells  are  deep  it  is  important  to 
use  enough  salt  solution  to  make  sure  that  the  salt  reaches  as  far  down 
as  the  screen  of  the  well  point  immediately  after  the  solution  is  poured 
into  the  well.  A  gallon  of  solution  will  fill  about  6  feet  of  full 
weight  wrought-iron  pipe,  so  that  10  gallons  of  solution  should  be 
used  if  the  well  is  60  feet  deep.  If  the  proper  amount  of  solution  be  not 
used  it  will  take  an  appreciable  time  for  the  solution  to  reach  the  bot- 
tom of  the  well  by  convection  currents,  and  the  results  will  be  vitiated 
to  that  extent.  As  before  stated,  it  is  preferable  to  introduce  granu- 
lated sal  ammoniac  into  the  well  in  a  suitable  bucket,  in  case  the 
depth  of  the  well  renders  the  use  of  a  solution  uncertain. 

If  the  ground  water  runs  high  in  the  quantity  of  total  dissolved 
solids,  say  more  than  100  parts  per  100,000  total  solids,  it  is  important 
to  run  the  electric  current  through  the  apparatus  in  a  particular  direc- 
tion so  as  to  reduce  polarization  and  lessen  the  deposit  of  material 
upon  the  electrode.  This  is  accomplished  by  arranging  the  batteries 
M)  that  the  positive  or  carbon  pole  is  connected  to  the  internal 
electrodes  in  the  downstream  wells.  The  well  casings  form  in  this 
case  the  negative  or  other  end  of  the  batterv  circuit,  and  the  available 
.surface  is  t>o  much  greater  than  it  would  be  if  the  internal  electrodes 
fanned  this  end  of  the  circuit  that  little  trouble  from  polarization  or 
hdling  oS  of  current  need  be  experienced. 
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THE  CALIFORNIA  OR  "STOVEPIPE"  METHOD 
OF  WELL  CONSTRUCTION. 


By  Charles  8.  Slichteb. 


INTRODUCTION. 


The  [)cculiar  conditions  of  water  supply  existing  in  southern  Cali- 
fornia have  led  to  the  development  of  a  special  type  of  well  which  the 
writer  believes  to  be  admirably  adapted  to  conditions  found  in  many 
places  in  the  eastern  part  of  the  United  States,  especially  on  Ix)ng 
Island  and  in  the  Coastal  Plain  region  of  the  Atlantic  States.  It  is 
with  the  object  of  calling  attention  to  the  importance  of  this  method, 
by  which  a  large  number  of  water-bearing  beds  can  be  drawn  upon 
simultaneously,  that  the  many  points  of  excellence  of  the  California 
type  of  wells  and  methods  of  well  construction  are  pointed  out.  In 
addition  to  the  illustrations  accompanying  this  paper,  a  number  of 
others  showing  the  rigs,  casing,  and  other  appliances  used  in  connec- 
tion with  wells  in  southern  California  may  be  found  in  the  issue  of 
the  Engineering  News  for  November  19, 1903. 

CONDITIONS   IN   CALIFORNIA. 

The  valleys  in  southern  California  are  filled  with  deposits  of  moun- 
tain debris,  gravels,  sands,  bowlders,  clan's,  etc.,  to  a  depth  of  several 
hundred  feet,  into  which  a  considerable  part  of  the  run-off  of  the 
mountains  sinks.  The  development  of  irrigation  upon  these  valleys 
soon  became  so  extensive  that  it  was  necessary  to  supplement  more 
and  more  the  perennial  flow  of  the  canyon  streams  by  ground  water 
drawn  from  wells  in  the  gravels.  This  necessit}^  was  greatly  accen- 
tuated by  a  series  of  dry  years,  so  that  ground  waters  became  a  most 
valuable  source  of  auxiliary  supply  for  irrigation  in  the  important 
citrus  areas  in  southern  California.  The  type  of  well  that  came  to 
the  front  and  developed  under  these  circumstances  is  locally  known 
as  the  "stovepipe"  well.  It  seems  to  suit  admirably  the  conditions 
prevailing  in  southern  California.  In  procuring  water  for  irrigation 
the  item  of  cost  is,  of  course,  much  more  strongly  emphasized  than  in 
obtaining  water  for  municipal  use.  The  drillers  of  wells  in  California 
were  not  only  confronted  with  a  material  which  is  almost  everywhere 
32 
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full  of  bowlders  and  similar  inouutain  debris,  but  also  b}-  a  high  cost 
of  labor  and  of  well  casings.  It  was,  undoubtedly,  these  difficulties 
that  led  to  the  very  geneml adoption  in  California  of  the  "stovepipe" 
well. 

DESCRIPTION    OF   APPARATUS   AND   METHODS. 

The  wells  are  put  down  in  the  gravel  and  bowlder  mountain  outwash 
or  other  unconsolidated  material  to  any  of  the  depths  common  in  other 
localities.  One  string  of  casing  in  favorable  location  has  been  put 
down  over  1,300  feet.  The  usual  sizes  of  casings  are  7,  10,  12,  and 
14  inche.s,  or  even  larger.  A  common  size  is  12  inches.  The  well 
casing  consists  of,  first,  a  riveted  sheet-steel  "starter,"  from  15 
to  25  feet  long,  made  of  two  or  three  thicknesses  of  No.  10  sheet 
steel,  with  a  forged  steel  shoe  at  lower  end.  In  ground  where  large 
towlders  are  encountered  these  starters  are  made  heavier,  the  shoe  1 
inch  thick  and  12  inches  deep,  and  three-ply  instead  of  two-ply  No.  10 
s?heet-steel  body. 

The  rest  of  the  well  casing,  above  the  starter,  consists  of  two  thick- 
nesses of  No.  12  sheet  steel  made  into  riveted  lengths,  each  2  feet  long. 
One  set  of  sections  is  nlade  just  enough  smaller  than  the  other  to  per- 
mit them  to  telescope  together.  Each  outside  section  overlaps  the 
inside  section  1  foot,  so  that  a  smooth  surface  results  both  outside  and 
inside  of  the  well  when  the  casing  is  in  place,  and  so  that  the  break  in 
the  joint  is  always  opposite  the  middle  of  a  2-foot  length.  It  is  these 
short  overlapping  sections  which  are  popularly  known  as  '*  stove- 
piping." 

The  casing  is  sunk  by  large  steam  machinery  of  the  usual  oil-well 
type,  but  with  certain  very  important  modifications.  In  ordinarj^ 
material  the  ''sand  pump"  or  *'sand  bucket"  is  relied  upon  to  loosen 
and  remove  the  material  from  the  inside  of  the  casing.  The  casing 
itself  is  forced  down,  length  by  length,  by  hydraulic  jacks,  buried  in 
the  ground  and  anchored  to  two  timbei'S  11  by  14  inches  and  16  feet 
long,  which  are  planked  over  and  buried  in  9  or  10  feet  of  soil.  These 
jacks  press  upon  the  upper  sections  of  the  stovepiping  by  means  of  a 
suitable  head.  The  driller,  who  stands  at  the  front  of  the  rig,  has 
complete  control  of  the  engine,  the  hydraulic  pump,  and  the  valves  by 
which  pistons  are  moved  up  or  down,  and  also  of  the  lever  that  con- 
trols the  two  clutches  which  cause  tools  to  work  up  and  down  or  to  be 
hoisted. 

The  sand  pumps  used  are  usually  large  and  heavy.  For  12-inch 
work  they  vary  in  length  from  12  to  16  feet,  are  lOg  inches  in  diame- 
ter, and  weigh,  with  lower  half  of  jars,  from  1,100  to  1,400  pounds. 

After  the  well  has  been  forced  to  the  required  depth,  a  cutting 
knife  is  lowered  into  the  well  and  vertical  slit«  are  cut  in  the  casing 
where  desired.  A  record  of  materii:l  encountered  in  digging  the  well 
IBR  110—05 3 
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i«  kept  and  the  perfomtions  are  made  opposite  such  water-bearing 
materials  as  may  be  moit  advantageously  drawn  upon.  A  well  500 
feet  deep  may  have  400  feet  of  screen,  if  circumstances  justify  it, 

The  perforator  (see  fig.  9)  for  slitting  stovepipe  casing  is  handled 
with  3-inch  standard  pipe  with  threc-fourths-inch  standard  pipe  on  the 
inside.     In  going  down  or  in  coming  out  of  the  well  the  weight  of  the 
three-fourths-inch  line  holds  the  point  of  the  knife  up.     When  ready 
to  "stick"  the  three-fourths-inch  line  is  raised.     By  raising  slowly  on 
the  3-in('h  line  with  hydraulic  jacks,  cuts  are  made  from  three-eighths 
to  three-fourths  inch  wide  and  from  6  to  12  inches  long, 
according  to  the  material  at  that  particular  depth.     In 
another  type  of  perforating  appamtus  (fig.  10)  a  revolv- 
ing cutter  punches  fine  holes  at  each  revolution  of  the 
wheel.      This  style  of  perforator  is  called  a  "  rolling 
knife."     Besides  these  many  other  different  kinds  of 
perforators  are  in  use  in  California.    In  fact,  the  per- 
forator is  a  favorite  hobby  of  the  local  inventors.     They 
all  seem  to  work  well. 

ADVANTAGES  OF  CALIFORNIA   METHOD. 

The  advantages  of  this  method  of  well  construction 
are  quite  obvious.  For  wells  in  unconsolidated  material, 
the  California  type  is  undoubtedly  the  best  yet  devised. 
I  believe  that  wells  of  this  type  would  be  highly  suc- 
cessful in  the  unconsolidated  coastal  deposits  on  Long 
Island,  in  New  Jersey,  and  at  similar  localities.  The 
absence  of  bowlders  and  very  coarse  gravels  in  those 
deposits  might  possibly  make  it  more  advantageous  to 
Fig.  9.— Perforator  use  the  hydraulic  jet  instead  of  the  ponderous  sand 
for  slitting  stove-    ij^j^.^et  in  soft  material,  but  this  is  the  only  modification 

pipe  casing.  ,        ,-, 

that  Eastern  conditions  seem  to  suggest. 
Among  the  special  advantages  in  the  stovepipe  construction  we  may 
enumerate  the  following: 

1.  The  absence  of  screw  joints  liable  to  break  and  give  out. 

2.  The  flush  outer  surface  of  the  casing,  without  couplings  to  catch 
on  bowlders  or  to  hang  in  clay. 

3.  The  elastic  character  of  the  casing,  permitting  it  to  adjust  itself 
in  direction  and  otherwise  to  dangerous  stresses,  to  obstacles,  etc. 

4.  The  absence  of  screen  or  perforation  in  any  part  of  the  casing 
when  first  put  down,  permitting  the  easy  use  of  sand  pump  and  the 
penetration  of  quicksand,  etc.,  without  loss  of  well. 

5.  The  cheapness  of  large-size  casings,  because  made  of  riveted  sheet 
steel. 

6.  The  advantage  of  short  sections,  permitting  use  of  hydraulic  jacks 
in  forcing  casing  through  the  ground. 
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7.  The  ability  to  perforate  the  casing  at  any  level  at  pleasure  i.s  a 
decided  advantage  over  other  construction.  Deep  wells  with  much 
screen  may  thus  be  heavily  drawn  upon  with  little  loss  of  suction  head. 

8.  The  character  of  the  perforations  made  by  the  cutting  knife  are 
the  best  possible  for  the  delivery  of  water  and  avoidance  of  clogging. 
The  large  side  of  the  perforation  is  inward,  so  that  the  casing  is  not 
likely  to  clog  with  silt  and  debris. 

9.  The  large  size  of  casing  possible  in  this  system  permits  a  well  to 
be  pat  down  in  bowlder  wash  where  a  common  well  could  not  iwssibly 
be  driven. 

10.  The  uniform  pressure  produced  by  the  hydraulic  jacks  is  a  great 
advantage  in  safety  and  in  convenience 
and  speed  over  any  system  relying 
upon  driving  the  casing  by  a  weight 
or  ram. 

11.  The  cost  of  construction  is  kept 
at  a  minimum  by  the  limited  amount 
of  labor  required  to  man  the  rig,  as 
well  as  by  the  good  rate  of  progress 
possible  in  what  w^ould  be  consid- 
ered in  many  places  impossible  ma- 
terial to  drive  in,  and  by  the  cheap 
form  of  casing. 

COST  OF  THE  WELLS. 


An  idea  of  the  cost  of  constructing 
these  wells  can  best  be  given  by  quot- 
ing actual  prices  on  some  recent  con- 
struction in  California.  According 
to  contracts  recently  let  near  Los  An- 
geles, the  cost  of  12-inch  wells  was: 

Fifty  cents  per  foot  for  the  first  100 
feet,  and  25  cents  additional  per  foot 
for  each  succeeding  50  feet,  casing  to 
be  furnished  by  the  well  owner.  This 
makes  the  cost  of  a  500-foot  well 
$700  in    addition    to    casing.      The 


Fig.  10.— Roller  type  of  perforator. 

usual  type  of  No.  12  gauge,  double  stovepipe  casing,  is  about  $1.05  a 
foot,  with  $40  for  12-foot  starter  with  three-quarter  inch  by  8-inch 
steel  ring.  A  good  driller  gets  $5  a  day;  helpers,  $2.50  a  day.  The 
cost  of  drilling  i-uns  higher  than  that  given  above  in  localities  where 
large  and  numerous  bowlders  are  encountered. 

The  drillers  build  their  own  rigs  according  to  their  own  ideas,  so 
that  no  two  rigs  are  exactly  alike;  that  is,  the  drillers  pick  out  the 
castings  and  working  parts  and  mount  them  according  to  ideas  that 
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experience  has  taught  them  are  the  best  for  the  wash  formations  in 
which  they  must  work.     Fig.  11  "shows  a  common  form  of  rig. 

It  is  not  very  profitable  to  name  individual  wells  of  this  type  and 
give  their  flow  or  yield,  since  conditions  vary  so  much  from  place  to 
place.  From  the  method  of  construction  it  must  be  evident  that  this 
type  of  well  is  designed  to  give  the  very  maximum  yield,  as  every 
water-bearing  stratum  may  be  drawn  upon.  The  yield  from  a  number 
of  wells  in  California  of  average  depth  of  about  '250  feet,  pumped  by 
centrifugal  pumps,  varied  from  about  25  to  150  miners'  inches,  or 


Fio.  11.— Common  form  of  California  well  rig. 

from  300,000  to  2,000,000  gallons  a  day.     These  are  actual  measured 
yields  of  water  supplied  for  irrigation. 

Among  the  very  best  flowing  wells  in  southern  California  are  those 
near  Long  Beach.  The  Boughton  well,  the  Bixby  wells,  and  the  wells 
of  the  Sea  Side  Water  Company  are  12-inch  wells,  varying  in  depth 
from  600  to  700  feet  and  flowing  about  250  miners'  inches  each,  or  over 
3,000,000  gallons  per  twenty-four  hours.  The  flow  of  one  of  these 
wells  is  the  greatest  I  have  seen  reported.  Among  the  records  for 
depth  are  those  of  1,360  feet  for  a  10-inch  well,  and  915  feet  for  a 
12-inch  well.  A  new  14-inch  well  has  already  reached  a  depth  of  704 
feet. 
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APPROXIMATE  METHODS  OF  MEASURING 
THE  YIELD  OF  FLOWING  WELLS. 


By  Charles  S.  Slighter. 


Tables  for  determining  the  discharge  of  water  from  completely 
filled  vertical  and  horizontal  pipes  were  prepared  a  number  of  years 
ago  by  Prof.  J.  E.  Todd,  State  geologist  of  South  Dakota,  who  issued 
a  private  bulletin  describing  simple  methods  of  determining  quickly, 
with  fair  accuracy  and  with  little  trouble,  the  yield  of  artesian  wells. 
In  the  following  notes  the  tables  and  explanations  relating  to  vertical 
and  horizontal  pipes  are  taken  from  this  bulletin.  The  explanations 
and  tables  relating  to  the  measurement  in  the  partially  filled  horizontal 
and  inclined  pipes  have  been  appended  by  the  present  writer. 

MEASUREMENT  OF  FLOWS   FROM   FILLED  PIPES. 

In  determining  the  flow  of  water  discharged  through  a  pipe  of  uni- 
form diameter  all  that  is  necessary  is  a  foot  rule,  still  air,  and  care  in 
taking  measurements.  Two  methods  are  proposed,  one  for  pipes  dis- 
charging vertically,  which  is  particularly  applicable  before  the  well  is 
permanently  finished,  and  one  for  horizontal  discharge,  which  is  the 
most  usual  way  of  finishing  a  well. 

The  table  on  page  39  is  adapted  to  wells  of  moderate  size  as  well  as  to 
large  wells.  In  case  the  well  is  of  other  diameter  than  given  in  the 
table  its  discharge  can  without  much  difficulty  be  obtained  from  the 
table  by  remembering  that,  other  things  being  equal,  the  discharge 
varies  as  the  square  of  the  diameter  of  the  pipe.  If,  for  example,  the 
pipe  is  one-half  inch  in  diameter  its  discharge  will  be  one-fourth  of 
that  of  a  pipe  1  inch  in  diameter  for  a  stream  of  the  same  height.  In 
a  similar  manner  the  discharge  of  a  pipe  8  inches  in  diameter  can  be 
obtained  by  multiplying  the  discharge  of  the  4-inch  pipe  by  4. 

In  the  first  metliod  the  inside  diameter  of  the  pipe  should  first  be 
measured,  then  the  distance  from  the  end  of  the  pipe  to  the  highest 
point  of  the  dome  of  the  water  above,  in  a  strictly  vertical  direction — 
a  to  d  in  the  diagram,  fig.  12.  Find  these  distances  in  Table  1  (A), 
and  the  corresponding  figure  will  give  the  number  of  gallons  dis- 
charged each  minute.  Wind  would  not  interfere  in  this  case,  so  long 
as  the  measurements  are  taken  vertically. 

87 
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The  method  for  determining  the  discharge  of  horizontal  pipes 
requires  a  little  more  care.  First,  measure  the  diameter  of  the  pipe, 
as  before,  then  the  vertical  distance  from  the  center  of  the  opening 
of  the  pipe,  or  some  convenient  point  corresponding  to  it  on  the  side 
of  the  pipe,  vertically  downward  6  inches,  a  to  J  of  the  diagram,  then 
from  this  point  strictly  horizontally  to  the  center  of  the  stream,  h  U)  e. 
With  these  data  the  flow  in  gallons  per  minute  can  be  obtained  from 
Table  I  (B).  It  will  readily  be  seen  that  a  slight  error  may  make 
much  difference  in  the  discharge.  Care  must  be  taken  to  measure 
hoiizontally  and  also  to  the  center  of  the  stream.  Because  of  this  dif- 
ficulty it  is  desirable  to  check  the  first  determination  by  a  second.  For 
this  purpose  columns  are  given  in  the  tables  for  corresponding  meas- 
urements 12  inches  below  the  center  of  the  pipe.  Of  course  the  dis- 
charge from  the  same  pipe  should  be  the  same  in  the  two  measurements 


nches 
.  7gaJ/ons 
•rminutB 


Fig.  12.~Dla«rram  llluBtratlng:  flow  from  vertical  and  horizontal  pipee. 


of  the  same  stream.  Wind  blowing  either  with  or  against  the  water 
may  vitiate  results  to  an  indefinite  amount;  therefore  measurements 
should  be  taken  while  the  air  is  still. 

Whenever  fractions  occur  in  the  height  or  horizontal  distance  of  the 
stream,  the  number  of  gallons  can  be  obtained  by  apportioning  the  dif- 
ference between  the  readings  in  the  table  for  the  nearest  whole  num- 
bers, according  to  the  size  of  the  fraction.  For  example,  if  the  distance 
from  the  top  of  the  pipe  to  the  top  of  the  stream  in  the  first  case  is  9^^ 
inches,  one-third  of  the  difference  between  the  residing  in  the  table  for 
9  and  10  inches  must  be  added  to  the  former  to  give  the  correct  result. 

In  case  one  measures  the  flow  of  a  well  by  both  methods  he  may 
think  that  the  results  should  agree,  but  such  is  not  the  case.  In  the 
vertical  discharge,  there  being  lesg  friction,  the  flow  will  be  larger;  so 
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also  in  the  second  method  differences  will  be  found  according  to  the 
len^rth  of  the  horizontal  pipe  used. 

As  piped  are  occasionally  at  an  angle,  it  is  well  to  know  that  the  sec- 
ond method  can  be  applied  to  them  if  the  first  measurement  is  taken 
strictly  vertically  from  the  center  of  the  opening,  and  the  second  meas- 
urement from  that  point  parallel  with  the  axis  of  the  pipe  to  the  cen- 
ter of  the  stream,  as  before.  The  measurements  can  then  be  read 
from  the  table. 

Table  I. — For  determining  yield  of  artesian  wells. 
[In  gallons  per  minute.] 


A. 

Flow  from  vertical  pipes. 

1 

B.  Flow  from  horizontal  pipes. 

?    1 

Diameter  of  pipe  in  inches. 

■it 

So 
If 

1-inch  pipe. 

2-inch  pipe. 

••    * 

u 

U 

2 

3 

6-Inch 
level. 

12-inch 
level. 

6-inch 
level. 

12-inch 
level. 

/a*.  1 

Ins. 

i       3.96 

6.2 

8.91 

1,5.8 

35.6 

6 

7.01 

4.95 

27.71 

19.63 

1       5.60 

8.7 

12.6 

22.4 

51.4 

7 

8.18 

5.77 

32.33 

22.90 

2       7.99 

12.5 

18.0 

32.0 

71.9 

,8 

9.35 

6.60 

36.94 

26. 18 

3       9. 81 

15.3 

22.1 

39.2 

88.3 

9 

10.51 

7.42 

41.56 

29.45 

4  1  11.33 

17.7 

25.6 

45.3 

102.0 

10 

11.68       8.25 

46.18 

32.72 

5     12. 68 

19.8 

28.5 

50.7 

113.8 

11 

12.85 

9.08 

50.80 

35.99 

6     13.88 

21.7 

31.2 

55.5 

124.9 

12 

14.02 

9.91 

55.42 

39.26 

7     14.96 

23.6 

33.7 

59.8 

134.9 

13 

15.19 

10.73 

60.03 

42.54 

8  j  16.00 

25.1 

36.0 

64.0 

144.1 

14 

16.36     11.56 

64.65 

45.81 

9     17. 01 

26.6 

38.3 

68.0 

153.1 

15 

17.53 

12.38 

69.27 

49.08 

10     17. 93 

28.1 

40.3 

71.6 

161.3 

16 

18.  70 

13.21 

73.89 

52.35 

11     18.80 

29.5 

42.3 

75.2 

169. 3 

17 

19.87 

14.04 

78.51 

55.62 

12  '  19.65 

30.7 

44.2 

78.6 

176.9 

18 

21.04     14.86 

83.12 

58.90 

13     20.46 

31.8 

45.9 

81.8 

184.1 

19 

22.21 

15.69 

87.74 

62.17 

14     21. 22 

33.0 

47.6 

84.9 

190.9 

20 

23.37 

16.51 

92.36 

65.44 

15     21.95 

^4.2 

49.3 

87.8 

197.5 

21 

24.54 

17.34 

96.98 

68.71 

16     22.67 

35.2 

50.9 

90.7 

203.9 

22 

25.  71  '  18. 17 

101.60 

71.98 

17     23.37 

36.3 

52.5 

93.5 

210.3 

23 

26.88 

18.99 

106.21 

75.26 

18     24.06 

37.5 

54.1 

96.2 

216.5 

24 

28.04  '  19.82 

110.83 

78.53 

19     24.72 

38.6 

55.6 

98.9 

222.5 

25 

29.11  ,  20.64 

115.45 

81.80 

20     25.37 

39.6 

57.0 

101.6 

228.5 

26 

30.38  '  21.47 

120.07 

85.07 

21     26. 02 

40.6 

58.4 

104.2 

234.  3 

27 

31.55 

22.29 

124.  69 

88.34 

22    26,66 

41.6 

59.9 

106.7 

240.0 

28 

32.72 

23.12 

129.30 

91.62 

23     27,28 

42.6 

61.4 

109.2 

245.6 

29 

33.89 

23.95 

133.92 

94.89 

24     27.90 

43.5 

62.8 

111.6 

251.1 

30 

35.06 

24.77 

138. 54 

98.16 

25     28.49 

44.4 

64.1 

114.0 

256.4 

31 

36.23 

25.59 

143. 16 

101.43 

26     29.06 

45.3 

65.3 

116.2 

261.4 

32 

87.40 

26.42 

147.  78 

104.70 
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Table  1. — For  determining  yield  of  artesian  wells — CJontinued. 


A. 

Flow  from  vertical  pipes. 

1 

Diameter  of  pipe  i 

n  inches. 

1 

2 

3 

Ins. 

27 

29.59 

46.1 

66.4 

118.2 

266.1 

28 

30.08 

46.9 

67.5 

120.3 

270.4 

29 

30.55 

47.5 

68.5 

121.9 

274.1 

30 

30.94 

48.2 

69.4 

123.4 

277.6 

36 

34.1 

53.2 

76.7 

136.3 

306.6 

48 

39.1 

61.0 

88.0 

156.5 

352.1 

60 

43.8 

68.4 

98.6 

175.2 

394.3 

72 

48.2 

75.2 

108.0 

192.9 

434.0 

84 

51.9 

81.0 

116.8 

207.6 

467.0 

96 

55.6 

86.7 

125.0 

222.2 

500.0 

108 

58.9 

92.0 

132.6 

235.9 

5;^.  8 

120 

62.2 

98.0 

139.9 

248.7 

559.5 

132 

65.1 

102.6 

146.5 

260.4 

585.9 

144 

68.0 

106.4 

153.1 

272.2 

612.5 

B.  Flow  from  horizontal  pipes. 


Is 


Ins. 
33 
34 
35 
36 


1-inch  pipe. 


6-inch   I  12-inrh 
level.    I    level. 


2-lnch  pipe. 


6-inch 

level. 


38. 57 
39.64 
40.45 
41.60 


27.25 
28.08 
28.64 
29.46 


152. 39 
157. 01 
161.63 
166.25 


12-inch 
level. 


107. 98 
111.25 
114. 52 
117.79 


Continue  by  adding  for  each  inch — 


1.15 


0.82 


4.62 


3.27 


Note.— To  convert  results  into  cubic  feet,  divide  the  number  of  gallons  by  7.6,  or,  more  accurately, 
by  7.48. 

The  flow  in  pipes  of  diameters  not  given  in  the  table  can  easily  be  obtained  in  the 
following  manner: 

For  }-inch  pipe,  multiply  discharge  of  1-inch  pipe  by 0. 25 

For  f -inch  pipe,  multiply  discharge  of  1-inch  pipe  by 0.56 

For  IJ-inch  pipe,  multiply  discharge  of  1-inch  pipe  by 1. 56 

For  li-inch  pipe,  multiply  discharge  of  1-inch  pipe  by 2. 25 

For  3-inch  pipe,  multiply  discharge  of  2-inch  pipe  by 2. 25 

For  4-inch  pipe,  multiply  discharge  of  2-inch  pipe  by 4. 00 

For  4i-inch  pipe,  multiply  discharge  of  2-inch  pipe  by 5. 06 

For  5-inch  pipe,  multiply  discharge  of  2-inch  pipe  by 6. 25 

For  6-inch  pipe,  multiply  dischai^e  of  2-inch  pipe  by 9. 00 

For  8-inch  pipe,  multiply  discharge  of  2-inch  pipe  by 16. 00 

MEASUREMENT  OF  FLOWS   FROM   PARTLY  FIIJiED  PIPES. 

From  Table  II,  given  below,  it  should  be  possible,  if  the  wind  is 
not  blowing  too  hard,  to  determine  the  flow  with  an  error  probably 
not  exceeding  10  per  cent.  This  error  is  no  greater  than  the  fluctua- 
tion of  the  flow  due  to  the  daily  variations  of  the  barometric  pressure 
in  the  case  of  most  wells.  The  results  in  extreme  cases,  such  as  a  one- 
fourth  inch  stream  in  a  6-inch  pipe,  are,  of  course,  still  less  accurate, 
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and  actual  measurement  ))v  collecting  the  water  in  a  vessel  of  definite 
capacit}^  should  l>e  resorted  to  if  possible. 


Fio.  13.— Method  of  measuring  partly  filled  pipes. 


Table  II. — For  estimcUing  the  discharge  from  partly  filled  harizontal  or  sloping  pipes 


Fractional  part 
of  diameter  of 

pied  by  water. 

[Obtained  by 

dividing  A  D 

by  A  B  in 

fig.  1.] 

Discharge  ex- 
pressed asper- 
centageoidis- 
charge  from 
full  pipe,      1 
same  size. 

Fractional  part 
of  diameter  of 
pipe  not  occu- 
pied by  water. 
[Obtained  by 
dividing  A  D 
by  A  B  In 
fig.l.] 

0.55 

Discharge  ex- 
pressed as  per- 
centage of  dis- 
charge from 
full  pipe, 
same  size. 

o.a5 

0.98 

0.44 

.10 

.95     i 

.60 

.37 

.15 

.91 

.65 

.31 

.20 

.86    ' 

.70 

.25 

.25 

.80 

.75 

.20 

.30 

.75 

.80 

.14 

.35 

.69 

.85 

.092 

.40 

.63 

.90 

.054 

.45 

.55 

.95 

.015 

.50 

.50 

1.00 

.000 

To  estimate  discharge  from  partly  filled  horizontal  or  sloping  pipe, 
first  estimate  discharge  from  full  pipe  of  same  size  by  means  of  Table  I* 
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Next  measure  with  afoot  rule  the  dimension  A  D  (see  Hg.  13)  of  the 
empt}'  portion  of  cross  section  of  the  pipe.  Divide  this  by  the 
inside  diameter  of  the  pipe,  which  will  give  the  fractional  part  of  the 
diameter  that  is  occupied  by  the  empty  part  of  pipe.  In  Table  II  find 
in  the  first  column  the  number  nearest  to  the  above  quotient.  Oppo- 
site this  number  will  be  found  the  per  cent  of  discharge  of  full  pipe 
which  the  partially  filled  pipe  is  yielding.  It  is  suflicient  to  measure 
the  distance  A  D  to  the  nearest  eighth  of  an  inch,  or  at  most  to  the 
nearest  sixteenth  of  an  inch. 

EXAMPLE. 

Suppose  that  a  2-inch  horizontal  pipe  has  a  length  of  jet  of  13  inches 
at  6-inch  level.  From  Table  I  this  would  represent  a  discharge  of  60 
gallons  per  minute  from  full  pipe.  Suppose  that  the  distance  A  D  is 
five-eighths  of  an  inch  and  A  B  is  2  inches,  or  sixteen-eighths  of  an 
inch.  Dividing  5  by  16  gives  0.31.  In  the  first  column  of  Table  II 
we  find  0.30,  the  nearest  to  0.31,  and  opposite  0.30  in  the  second  col- 
umn of  the  table  appears  0. 75.  The  discharge  from  the  partly  filled 
pipe  is  therefore  60x0.75=45  gallons  per  minute. 
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CORRECTIONS  NECESSARY  IN  ACCURATE 
DETERMINATIONS  OF  FLOW  FROM  VERTI- 
CAL WELL  CASINGS. 


From  notes  furnished  by  A.  N.  Talbot. 


The  method  described  by  Professor  Todd  is  based  on  certain  assumed 
theoretical  conditions.     While  the  error  resjilting  from  the  method  of 
measurement  is  usually  less 
than  10  per  cent,  and  while  |  TTTM 

it  is  of  great  value  in  approx- 
imate field  determinations, 
certain  corrections  must  be 
made  in  order  to  exactly  de- 
termine the  amount  of  flow. 

The  considerations  to  be 
taken  into  account  are  that 
in  vertical  pipes  the  water 
will  not  rise  to  the  height  of 
its  full  velocity  head  and  that 
the  velocity  is  not  uniformly 
distributed  over  the  cross 
section.  For  velocity  heads 
equal  to  the  diameter  of  the 
pipe  up  to  a  height  of  10 
feet  this  discrepancy  is  not 
very  great,  but  for  lower 
values    it    is    considerable. 

Fig.  15  shows  the  coefli- 
cients  for.  2-inch,  4-inch,  and 
6-inch  pipes  from  low  heads 
up  to  heads  of  2  to  3  feet. 
These  range  from  0.80  to 
0.96.  The  values  above  this,  until  atmospheric  resistance  becomes 
great,  will  not  be  much  different.  The  quantities  found  by  Professor 
Todd's  table  should  be  multiplied  by  these  coefficients.    These  values 
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MOVABLE  ARM  OR  POINTER 
TO  SET  TO  TOP  OF  JET 


QRAOUATED  8CALE 


0  ^ERO  OF  MALE  LCVtl 
WITH  EOQE  OF  PIPS 


ILAMP  TO  HOLD  ORAOUATEO  SCALE 


VERTICAL  PIPE  FROM  WHICH  JET  16  TO  OOMI 


Fio.  14.— Sketch  showing  application  of  movable  pointer 
and  scale  in  measuring  Jetn. 
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are  fixed  on  the  assumption  that  the  height  of  water  may  be  determined 
by  finding  the  distance  from  the  end  of  the  pipe  to  the  highest  point 
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of  the  jet  by  means  of  a  movable  pointer  and  scale,  as  shown  in  fig. 
14,  or  by  some  similar  device. 
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EXPERIMENT  RELATING  TO  PROBLEMS  OF 
WELL  CONTAMINATION  AT  QUITMAN,  GA. 


Bv  S.  W.  McCallie. 


INTRODUCTION. 


During  the  summer  of  1903,  a  boring  for  a  deep  well,  constructed 
by  the  town  of  Quitman,  Ga.,  to  improve  its  water  supply,  pene- 
trated, at  a  depth  of  123  feet  from  the  surface,  in  limestone,  what 
appeared  to  be  a  cavity  6f  feet  deep.  Immediately  after  the  cavity 
had  been  penetrated  by  the  drill  the  water  rose  to  within  77  feet  of 
the  surface,  at  which  point  it  remained.  In  extending  the  bore  hole 
beyond  this  depth  it  was  found  that  all  of  the  water  forced  into  the 
well  to  carry  out  the  drillings,  and  also  the  drillings  themselves, 
appeared  to  pass  off  by  the  cavity.  It  was  further  discovered  that  any 
quantity  of  water,  however  great,  that  was  forced  into  the  bore  hole, 
did  not  raise  the  level  of  the  water  in  the  well  above  77  feet,  and,  on 
the  other  hand,  that  continuous  pumping  was  equally  ineffective  in 
lowering  the  level. 

After  the  sinking  of  the  well  to  a  second  water-bearing  stratum,  at 
a  depth  of  321  feet,  another  well  was  constructed  with  a  view  of  test- 
ing more  fully  the  water-carrying  capacity  of  the  underground  cavity, 
which  was  supposed  to  be  a  channel  of  a  large  subterranean  stream. 
The  second  well,  6  inches  in  diameter,  was  put  down  a  few  hundred 
yards  southwest  of  the  first  well,  and  only  a  few  feet  from  the  margin 
of  Russell  Pond,  a  small  body  of  stagnant  wat^r  occupying  a  nearly  cir- 
cular depression  having  the  appearance  of  a  partially  filled  lime 
sink.  This  well  having  been  extended  to  the  cavernous  limestone,  a 
canal  was  dug  to  connect  it  with  the  pond,  and  the  water  was  allowed 
to  flow  from  the  pond  into  the  well.  The  pond,  which  contained 
about  one-half  million  gallons  of  water,  was  drained  by  the  well 
in  a  few  hours,  without  apparently  affecting  the  level  of  the  water  in 
the  bore  hole,  which  remained  constant  at  77  feet  from  the  surface. 
This  test  was  conclusive  to  the  town  authorities  that  the  underground 
cavity  had  a  capacity  to  carry  off  an  illimitable  amount  of  water,  and 
it  was  at  once  suggested  that  the  town  might  be  able  to  make  use  of 
this  so-called  underground  stream  for  sewage  disjwsal.  This  sugges- 
tion was  soon  taken  up  by  the  press  of  south  Georgia,  and  within  a 
short  time  Governor  Terrell  received  a  number  of  letters  importuning 
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him  to  interfere  to  prevent  the  Quitman  authorities  from  using  deep 
wells  for  sewerage  purposes. 

At  the  request  of  the  governor,  the  writer,  who  at  that  time  was 
engaged  in  the  study  of  the  underground  waters  of  Georgia  for  the 
State  and  the  United  States  Geological  Survey,  made  a  trip  to  Quit- 
man to  investigate  the  reporte  and,  if  they  should  be  found  true, 
to  point  out  to  the  people  of  Quitman  the  possibility  that  such  a  sew- 
erage system  might  contaminate  the  wells  and  springs  in  that  region. 
When  the  writer  arrived  at  Quitman  he  found  that  the  town  authori- 
ties were  seriously  considering  the  question  of  disposing  of  the  sewage 
as  reported.  They  were  willing,  however,  to  give  up  the  idea  of  using 
the  supposed  underground  stream  for  sewerage  purposes  if  it  could  be 
shown  that  such  use  would  prove  injurious  in  any  way  whatever. 
Furthermore,  they  were  willing  to  cooperate  with  the  State  and  the 
United  States  surveys  by  paying  the  greater  part  of  the  expense  of 
any  experiments  that  might  be  necessary  to  establish  this  fact. 

After  some  delay  arrangements  were  finally  made  with  the  United 
States  Geological  Survey  for  conducting  an  experiment  to  determine 
the  possibility  of  contamination  of  adjacent  wells  and  springs,  the 
plan  adopted  for  this  purpose  being  what  is  known  as  the  chlorine 
method  of  tracing  underground  watercourses. 

The  well  into  which  the  chlorine  (sodium  chloride)  was  introduced 
in  carrying  out  this  experiment  was  the  Russell  Pond  well,  referred  to 
above.     The  well  has  a  depth  of  120feet,and  shows  the  followingsection: 

Section  of  n^U  at  Russell  Pond^  near  Quitman ,  Oa. 

Feet. 

1.  Surface  sand 2 

2.  Varicolored  clay 60 

3.  Yellow  sand 15 

4.  Gray  sandy  clay 43 

6.  limestone  (water  bearinj;). 

The  water,  which  rises  to  about  77  feet  of  the  surface,  comes  from 
the  cavernous  limestone  found  in  all  of  the  deep  wells  of  Quitman  and 
vicinity. 

GEOGRAPHY   AND  GEOLOGY. 

Before  the  experiment  is  described  in  detail  a  few  general  notes  will 
be  given  on  the  geography  and  geology  of  the  region,  both  of  which 
have  a  certain  bearing  on  the  question  under  consideration. 

That  part  of  south  Georgia  covered  in  conducting  the  Quitman 
experiment  lies  along  the  Georgia-Florida  State  line,  and  includes  the 
southern  part  of  Brooks  and  the  adjacent  portions  of  Thomas  and 
Lowndes  counties.  This  part  of  the  State  is  comparatively  level,  but 
in  parts  of  Brooks  County  the  surfat'C  is  more  or  loss  rolling,  and 
depressions  caused  by  lime  sinks  are  occasionally  seen.  The  stroiims, 
which  all  flow  southward,  are  usually  sluggish,  and  at  points  in  their 
course  frequently  traverse  cypress  swamps  of   considerable  extent. 
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The  springs  of  the  region  are  few  in  number,  but  are  usually  large. 
The}'  are  generally  found  in  or  near  the  larger  streams,  and  are  often 
submerged  during  the  wet  season. 

The  geology  of  the  region  is  typical  of  the  portion  of  south  Georgia 
that  lies  along  the  State  line  west  of  Thomas ville,  and  that  has  been 
described  by  Spencer  and  others.  Nearly  everywhere  throughout  the 
piny  woods  or  the  cultivated  fields  of  this  section  is  to  be  seen  a  super- 
ficial covering  or  veneer  of  fine  sand,  which  at  some  points  attains  a 
thickness  of  2  feet  or  more.  This  sand  corresponds  probably  to 
McGee's  Columbia  formation,  as  it  lies  directly  upon  the  orange  and 
reddish  Lafayette  clays. 

The  Lafayette  clays,  which  are  well  exposed  in  numerous  cuts  along 
the  Coast  Line  Railroad  both  east  and  west  of  Quitman,  are  usually 
stratified  below  and  massive  above.  On  the  more  elevated  lands  they 
attain  a  thickness  of  many  feet,  but  along  the  larger  streams  they  have 
been  partially  or  wholly  removed  by  erosion  so  as  to  expose  under- 
lying clays  which  at  certain  points  along  Withlacoochee  River, 
notably  at  Mclntyre  Spring,  contain  large  masses  of  coral.  These 
lower  clays  are  probably  Miocene,  and  belong,  no  doubt,  to  Langdon's 
Chattahoochee  group. 

Beneath  these  Miocene  clays  there  is  a  thick  limestone,  which  is  the 
source  of  the  water  supply  of  all  the  deep  wells  at  Quitman,  Boston, 
and  Valdosta.  This  limestone  seems  to  belong  to  Conrad's  Vicksburg 
group,  which,  according  to  Dall,  forms  the  lowest  member  of  the 
Oligocene  beds  in  the  southern  Tertiary  series.  As  is  shown  by  sam- 
ples of  borings  from  deep  wells,  this  rock  is  somewhat  variable  in 
character,  but  seems  to  consist  largely  of  thick  beds  of  comminuted 
shells  and  cx)rals  interlaminated  with  layers  of  hard,  compact  lime- 
stone. The  upper  beds  of  this  limestone  appear  to  be  cavernous, 
for  cavities?,  shown  by  the  dropping  of  the  drill,  are  frequently  found 
in  it  in  the  deep  wells  throughout  the  region.  These  cavities  are  said 
to  vary  in  depth  from  3  to  9  feet,  and  are  always  filled  with  water  hav- 
ing a  static  head  that  is  40  feet  or  more  higher  than  the  point  at  which 
the  cavities  are  struck. 

The  order  of  occurrence  and  the  approximate  thickness  of  these 
several  formations  are  shown  in  the  section  of  the  Russell  Pond  well, 
above  given.  The  Boston  and  the  Quitman  wells  also  show  similar 
sections.  The  dip  of  the  formations  is  supposed  to  be  toward  the 
south  at  a  few  feet  per  mile. 

DESCRIPTION   OF   EXPERIMENT. 

The  chlorine  method  of  tracing  underground  streams,  as  carried 
out  in  the  Quitman  experiment,  was  adopted  at  the  suggestion  of 
Prof.  C.  S.  Slichter,  consulting  engineer  of  the  United  States  ( Geo- 
logical Survey. 
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A  reconnaissance  topographic  survey  of  the  region  surrounding 
Quitman  was  made,  with  the  view  of  finding  all  springs  and  wells  whose 
waters  stood  at  a  lower  level  than  the  water  in  the  Kussell  Pond  well, 
where  the  salt  was  to  be  introduced,  altitudes  being  determined  by 
aneroid  barometer.  From  ail  such  springs  samples  of  water  were 
collected  for  determination  of  the  amount  of  chlorine  present.  Each 
of  the  springs  and  wells  thus  sampled  was  made  a  station  from  which, 
at  regular  intervals,  samples  of  water  were  collected  by  observers  who 
were  advised  how  and  when  to  collect  samples.  The  various  stations 
having  been  established  and  samples  collected  for  the  determination 
of  the  normal  amount  of  chlorine  contained  in  the  waters,  2  tons  of 
salt  (sodium  chloride)  were  introduced  into  the  Russell  Pond  well. 
The  salt  was  put  into  the  well  in  the  form  of  solution,  its  introduction 
beginning  at  8  a.  m.  October  15,  and  continuing  until  8  p.  m.  October 
20.  The  first  ton  of  salt  put  into  the  well  was  introduced  continuously 
for  twelve  hours  at  the  mte  of  166t  pounds  an  hour,  while  the  second 
ton  was  put  into  the  well  continuously  for  one  hundred  and  twenty 
hours,  or  five  days,  at  the  rate  of  16f  pounds  an  hour. 

In  order  to  introduce  the  salt  into  the  well  at  the  above  rate  and 
also  to  insure  as  complete  saturation  of  the  water  as  possible,  five 
60-gallon  barrels  were  set  about  20  inches  apart  upon  a  level  platform 
at  the  well  and  connected  with  one  another  by  pieces  of  2-inch  iron 
pipe,  firmly  screwed  into  the  barrels  by  right  and  left  screws  cut  on 
their  opposite  ends.  The  iron  pipe  was  inserted  into  the  barrel  near- 
est the  well  about  2  inches  from  the  bottom,  while  the  pipe  between 
each  succeeding  barrel  was  elevated  about  4  inches,  so  that  the  one 
uniting  the  last  two  barrels  entered  them  about  halfway  up.  When 
everything  was  in  readiness  for  the  experiment  to  begin,  each  barrel 
was  tilled  with  salt  up  to  the  point  at  which  the  outflow  pipe  entered 
it.  The  water  was  then  turned  into  the  barrel  farthest  from  the 
well  through  a  hydrant  connected  with  the  public  water  supply.  As 
the  water  rose  in  this  barrel  to  the  point  of  entrance  of  the  pipe  it 
flowed  into  the  next  barrel,  and  so  on  until  the  entire  chain  of  barrels 
was  filled.  The  water  now  being  more  or  less  completely  saturated, 
having  flowed  over  the  salt  in  the  bottom  of  each  barrel,  was  turned 
into  the  well  through  a  stopcock  so  adjusted  as  to  deliver  the  desired 
amount  of  water  per  minute.  By  a  nice  adjustment  of  the  stopcock 
at  the  well  and  of  that  at  the  hydrant  it  was  found  that  this  plan  of 
delivering  a  given  amount  of  brine  to  the  well  in  a  stated  time  was 
pmctically  automatic,  the  attendant  having  nothing  to  do  except  to 
keep  the  bottoms  of  the  barrels  supplied  with  salt. 

DESCRIPTION   OF   STATIONS. 

The  stations  from  which  water  was  collected  weie  seven  in  number 
and  are  described  below.  Their  locations  are  shown  by  the  sketch 
map  (tig.  16). 
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StatUm  So.  L — ^The  station  is  the  well  at  the  public  waterworks, 
1,000  feet  northeast  of  the  Russell  Pond  well.  The  well  is  321  feet 
deep  and  supplies  the  town  with  water.  It  is  cased  with  8-inch  casing 
to  122  feet,  only  a  short  distance  above  the  first  water-bearing  stratum. 
Within  the  8-inch  casing  is  inserted  a  4i-inch  casing  which  extends 
from  the  surface  to  a  depth  of  309  feet,  at  which  point  it  was  driven 
securely  into  a  hard  rock  so  as  to  form  what  was  supposed  lo  be  a 
water-tight  joint,  cutting  off  all  the  water  from  the  123-foot  water- 
bearing stratum  above.  The  town  water  supply  is  pumped  through 
this  4i-inch  casing  from  the  second  water-bearing  stratum,  311  feet 
below  the  surface.  The  second  water-bearing  stratum  has  a  static 
head  2i  feet  greater  than  that  of  the  first  stratum.  Nevertheless,  it 
was  thought  that  in  case  the  4i-inch  casing  was  not  absolutely  water- 
tight at  the  point  where  it  was  driven  into  the  rock,  continuous  pump- 
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Fio.  16.— Sketch  map  showing  location  of  Quitman  experiment. 

ing  might  lower  the  static  head  of  the  water  from  the  second  stratum 
sufficiently  to  set  up  a  current  from  the  stratum  above,  in  which  event 
sewage  poured  into  the  upper  stratum  would  contaminate  the  lower. 

Stuiion  No.  ^.— This  is  the  ''Old  City  well,"  1,500  feet  northeast  of 
the  Russell  Pond  well.  The  well  used  for  this  station  is  500  feet  deep, 
and  was  completed  in  1884.  It  was  originally  cased  to  a  point  some 
distance  below  the  first  water-bearing  stratum,  but  its  lower  part  becom- 
ing obstructed  by  sand  or  some  other  material,  the  6-inch  casing  was 
burst  by  an  explosive  at  the  first  water-bearing  stratum,  in  order  to 
obtain  water  for  public  use.  While  the  experiment  here  reported  was 
being  carried  on,  this  well,  which  had  not  been  in  use  for  some  months, 
was  connected  with  the  pumps  at  the  waterworks  station,  so  that  the 
water  might  l>e  procured  at  regular  intervals. 

Station  No.  3. — ^This  is  the  Oglesby  well,  located  at  the  Oglesby 
Mills,  three-fourths  of  a  mile  northwest  of  Quitman.     This  well  was 
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completed  in  May,  1903,  and  is  only  92  feet  deep.  It  is  6  inches  in 
diameter  and  is  cased  to  78  feet.  The  water-bearing  stratum  was 
struck  at  87  feet,  at  which  point,  it  is  said,  the  drill  dropped  into  a 
cavity  4  feot  in  depth  and  immediately  thereafter  the  water  rose  to 
within  48  feet  of  the  surface.  It  will  here  be  noted  that  the  water- 
bearing stratum  in  the  Oglesby  well  is  much  nearer  the  surface  than 
the  first  water-bearing  stratum  encountered  in  the  wells  within  the 
corporate  limits  of  Quitman,  and  also  that  the  static  head  of  the  water 
is  nearer  fhe  surface.  This  difference,  however,  is  due  entirely  to  the 
fact  that  the  ground  at  this  point  is  lower  than  that  at  neighboring 
wells,  and  not,  as  might  be  supposed,  to  the  occurrence  of  a  different 
water-bearing  stratum. 

Station  No.  i. — ^This  station  was  established  at  Blue  Spring,  near 
the  right  bank  of  the  Withlacoochee  River,  6  miles  east  of  Quitman. 
By  aneroid  measurement  the  spring  was  found  to  be  about  on  a  level 
with  the  static  head  of  the  water  in  the  Russell  Pond  well,  so  that  it 
seemed  to  be  a  possible  outlet  for  the  supposed  underground  stream 
into  which  the  salt  was  introduced.  At  the  time  the  samples  were 
collected  Blue  Spring  was  flowing  about  15,(X)0,000  gallons  in  twenty- 
four  hours.  It  was  learned,  however,  that  at  one  time  during  an 
extremely  drj'  season,  several  years  ago,  the  spring  entirely  ceased 
flowing. 

Statlon>  No,  5, — ^This  is  Mclntyre  Spring,  about  15  miles  southeast 
of  Quitman,  only  a  short  distance  from  the  Georgia-Florida  State  line. 
The  spring  is  located  partially  in  the  Withlacoochee  River  and  appears 
to  furnish  a  much  greater  volume  of  water  than  Blue  Spring.  Owing 
to  the  great  distance  of  this  spring  from  Quitman  it  was  found  imprac- 
ticable to  determine  its  elevation  by  aneroid  barometer,  but  judging 
from  the  fall  of  the  river  it  must  be  several  feet  below  Blue  Spring. 
A  flood  in  the  river  during  the  time  the  samples  were  being  collected 
submerged  Mclntyre  Spring  for  some  time,  so  that  only  a  limited 
number  of  samples  were  procured  from  this  station. 

Station  No.  6. — This  is  a  deep  well  at  Boston,  Thomas  County, 
14  miles  west  of  Quitman.  The  Boston  well  has  a  depth  of  290  feet 
and  was  completed  in  June,  1900.  It  is  reported  that  three  water- 
bearing strata  were  penetrated  in  this  well,  at  120,  160,  and  286  feet. 
The  static  head  of  the  water  in  the  third  water-bearing  stratum  is  said 
to  l>e  69  feet  above  sea  level,  which  is  70  feet  below  the  static  head  of 
the  water  in  the  Russell  Pond  well. 

Station  No.  7. — This  station  is  one  of  the  deep  wells  at  Valdosta,  17 
miles  east  of  Quitman.  The  well  from  which  the  samples  were  taken 
at  Valdosta  was  the  8-inch  well,  now  used  to  supply  the  cit\^  water- 
works. This  well  is  500  feet  deep,  but  its  main  water  supply  is  said 
to  come  from  a  stratum  at  a  depth  of  260  feet,  where  the  drill  is 
reported  to  have  entered  a  cavity  4  feet  in  depth.     The  static  head  of 
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the  water  now  in  this  well  is  105  feet  above  sea  level,  which  is  24  feet 
below  the  static  head  of  the  water  in  the  Russell  Pond  well. 

Additional  station. — In  addition  to  the  stations  here  described  there 
was  also  one  kept  up  for  a  short  time  at  the  Quitman  cotton  factory; 
but,  as  the  well  was  afterwards  found  not  to  be  of  sufficient  depth  to 
reach  the  water-bearing  stratum  into  which  the  salt  was  introduced, 
it  has  been  omitted  in  the  tables  and  on  the  diagrams  showing  the 
variation  of  chlorine  in  the  samples  of  water  collected  at  t|ie  various 
stations. 

SAMPLES  OF  WATER  TAKEN. 

The  time  at  which  the  samples  of  water  were  taken  at  each  station, 
the  intervals  between  samples,  and  the  number  of  samples  themselves 
are  shown  in  the  following  table: 

PlacSy  timey  and  number  of  samples  of  vxUer  taken. 


Stations. 


No.  1 . 


No.  2. 
No.  3. 
No.  4. 
No.  5. 
No.  6. 
No.  7. 


Date  of  flnt  sample. 


Oct.  16, 12  noon 

do 

Oct.  15, 4  p.  m . . 
Oct.  16,6  a.  m.. 
Oct.  19, 6  a.  m . . 
Oct.  19,8  a.  m.. 
do 


Interval  be- 
tween 
samples. 

No. 

Hours. 

4 

36 

4 

31 

8 

30 

12 

40 

24 

«11 

24 

&16 

24 

31 

a  Full  number  of  samples  not  collected  on  account  of  high  water. 
b  Fourteen  samples  lost  by  breakage  in  shipment. 

OORRELATION   OF   WATEB-BEARING   STRATA. 

In  regard  to  the  different  water-bearing  strata  above  noted  in  the 
Valdosta  and  Boston  wells  it  might  be  stated  that  it  was  found  impos- 
sible, with  the  meager  data  at  hand,  to  correlate  any  of  them  with  the 
water-bearing  stratum  in  the  Russell  Pond  well.  In  the  absence  of 
other  data,  an  attempt  was  made  to  correlate  the  strata  by  means  of 
chemical  analyses  of  the  water,  but  the  results  were  unsatisfactory. 

While  it  does  not  seem  possible  at  present  to  correlate  any  of  the 
strata  with  the  Quitman  stratum,  into  which  the  salt  was  introduced, 
there  is  but  little  doubt  that  they  all  occur  in  the  Vicksburg  lime- 
stone. Furthermore,  as  previously  noted,  the  static  head  of  the  water 
in  the  Valdosta  and  Boston  wells  is  greater  than  the  static  head  of  tlie 
water  in  the  Quitman  well  by  24  and  69  feet,  respectively.  This 
would  seem  to  indicate  that  the  water-bearing  strata  are  not  continu- 
ous throughout  the  entire  region,  or  that  there  is  a  flow  converging 
toward  Quitman,  a  condition  not  probable. 
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RESULTS. 

Station  No,  1. — ^The  normal  chlorine  in  the  waterworks  well  was 
determined  as  5.44  parts  per  1,000,000.  Four  hours  after  the  intro- 
duction of  the  salt  in  the  Russell  Pond  well  the  amount  of  chlorine  in 
the  water,  as  shown  by  the  samples,  began  to  increase,  reaching  a 
maximum  of  6.80  at  8  p.  m.  October  15,  or  twelve  hours  after  the 
introduction  of  the  salt.  From  this  time  on  the  water  continued  to 
show  excess  of  chlorine  in  varying  quantities  for  about  five  days,  or 
as  long  as  the  salt  water  was  poured  in  at  the  other  well,  finally  sub- 
siding to  its  normal  amount  on  October  21. 

Station  No,  Z. — ^The  normal  chlorine  in  the  old  Waterworks  well 
appears  to  be  5.44,  although  a  sample  taken  just  before  the  experiment 
showed  6.12.  The  chlorine  content  of  the  water  of  this  well  began  to 
rise  within  four  hours  after  the  insertion  of  the  salt,  reaching  a  maxi- 
mum of  6.97  at  8  p.  m.  on  October  15,  from  which  time  it  gradually 
declined,  with  several  fluctuations,  until  8  p.  m.  October  19,  after 
which  it  remained  constant  until  October  21,  at  its  normal  amount. 

Station  No.  3, — ^The  normal  chlorine  in  the  Oglesby  well  is  5.44. 
The  water  of  this  well  was  examined  at  intervals  from  October  15  to 
October  29.  From  October  15  to  October  21  there  were  some  fluctua- 
tions in  the  amount  of  chlorine,  which,  however,  appear  to  have  no 
relation  to  the  introduction  of  the  salt  in  the  Russell  Pond  well.  At 
12  p.  m.  on  October  21  a  decided  rise  was  noticed,  which  continued 
until  4  p.  m.  October  22,  when  it  reached  a  maximum  of  6.46.  It 
remained  at  this  point  until  12  p.  m.  of  the  same  day,  after  which 
it  declined  gradually,  though  with  some  fluctuations,  until  12  p.  m. 
October  26,  when  the  normal  was  again  reached. 

Station  No.  4- — ^The  normal  chlorine  at  Blue  Spring  appears  to  be 
5.78  parts  per  1,000,000.  Tests  were  conducted  from  October  16  to 
November  4,  but  no  variations  in  the  amount  of  chlorine  which  could 
be  attributed  to  the  salt  inserted  at  Quitman  were  observed. 

Station  No.  5. — The  normal  chlorine  at  Mclntyre  Spring  is  5.78,  the 
same  as  at  Blue  Spring.  Samples  were  taken  from  October  19  to 
November  6,  but  no  variations  in  the  amount  of  chlorine  referable  to 
the  introduction  of  salt  at  Quitman  were  noted. 

Station  No.  6. — The  normal  chlorine  in  the  Boston  well  appears  to  be 
6.80,  and  no  persistent  variations  were  observed  during  the  interval 
from  October  19  to  November  24. 

Station  No.  7. — ^The  normal  chlorine  in  the  Valdosta  well  is  5.44.  No 
variations  due  to  the  insertion  of  salt  at  Quitman  were  noted. 

From  the  preceding  it  will  be  noted  that  only  three  stations — namely, 
the  Waterworks  well,  the  Old  City  well,  and  the  Oglesby  well — show 
variations  which  can  with  any  degree  of  certainty  be  attributed  to  the 
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effect  of  salt  introduced  in  the  Russell  Pond  well.  It  will  be  observed 
that  the  maximum  amount  of  chlorine  in  the  two  wells  first  named 
occurred  at  8  p.  m.  October  15,  just  twelve  hours  after  the  first  intro- 
duction of  salt  into  the  well.  As  both  of  these  wells  are  within  a  short 
distance  of  the  Russell  Pond  well,  this  result  would  naturally  be  ex- 
pected; yet  at  the  same  time  it  is  difficult  to  explain  how  the  salt  made 
its  appearance  in  the  Waterworks  well,  as  it  obtains  its  supply  from  a 
water-bearing  stratum  that  lies  200  feet  below  the  one  into  which  the 
salt  was  introduced.  It  was  surmised  that  the  casing  cutting  off  the 
upper  water-bearing  stratum  from  the  one  below  did  not  form  a  water- 
tight joint  at  the  point  where  it  was  driven  into  the  rock,  but  allowed 
the  water  to  flow  downward  when  the  pump  was  in  action.  In  order 
to  determine  whether  this  supposition  was  true  or  not,  the  following 
test  was  made:  The  pump  was  started  and  run  for  a  few  minutes 
when  a  sample  of  the  water  was  taken  to  determine  the  normal  amount 
of  chlorin  present.  There  was  then  introduced  through  the  8-inch 
casing  into  the  upper  water-bearing  stratum  15  pounds  of  salt  in  solu- 
"tion,  and  the  pump  was  again  started  and  run  continuously  for  a  half 
hour.  During  the  time  the  pump  was  in  operation  samples  were  taken 
every  five  minutes.  Analyses  of  these  samples  showed  no  increase  of 
chlorine,  demonstrating  that  the  salt  had  not  reached  the  second  water- 
bearing stratum  by  the  way  of  the  suspected  joint  at  the  lower  end  of 
the  4i-inch  casing  elsewhere  described.  This  test  seemed  to  show  that 
the  chlorine  in  the  original  experiment  did  not  reach  the  water  in  the 
second  stratum  by  the  way  of  any  defect  of  the  joint  at  the  end  of  the 
4i-inch  casing.  The  test,  however,  can  hardly  be  considered  conclu- 
sive, owing  to  the  small  amount  of  salt  used  and  the  limited  time  the 
pomp  was  operated  after  the  salt  was  introduced.  It  is  very  probable 
that  if  the  amount  of  salt  had  been  larger  and  the  samples  had  been 
taken  at  longer  intervals,  the  presence  of  the  salt  would  have  been 
detected. 

In  regard  to  the  Oglesby  well  it  will  be  noticed  that  the  salt  was 
transmitted  in  a  northwesterly  direction,  notwithstanding  the  fact  that 
the  general  flow  of  underground  waters  of  the  region  is  supposed  to 
be  southward  rather  than  northwestward. 

In  addition  to  the  variation  in  the  amount  of  chlorine  here  explained 
as  probably  due  to  the  presence  of  the  salt  introduced  into  the  Russell 
Pond  well,  there  are  also  other  variations  which,  with  one  exception, 
are  unexplained.  The  exception  referred  to  occurred  at  the  old  City 
Waterworks  well.  The  diagram  for  this  well  shows  that  the  amount 
of  chlorine  in  the  sample  taken  before  the  experiment  was  much 
higher  than  the  normal.  This  was  probably  due  to  the  presence  of 
surface  waters  which  had  reached  the  water-bearing  stratum  below 
through  the  defective  casing. 
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CONCLUSIONS. 

From  the  notes  above  given  on  the  Quitman  experiment  the  following 
conclusions  may  be  drawn: 

1.  The  so-called  underground  stream,  in  the  ordinary  meaning  of 
that  term,  does  not  exist  in  the  wells  investigated. 

2.  The  water,  which  has  a  motion  of  probablj'  not  over  200  feet  per 
hour,  occurs  in  a  porous,  cavernous  limestone,  several  feet  in  thickness. 

3.  Sewage  introduced  into  the  first  water-bearing  stratum  will  con- 
taminate all  of  the  wells  in  the  vicinity  that  attain  a  depth  of  120  feet 
or  more. 

4.  The  upper  water-bearing  stmtum  in  the  Waterworks  well  is  not 
completely  cut  off  from  the  water-bearing  stratum  below,  so  that  the 
water  from  the  lower  stratum  is  likely  to  be  contaminated  from  the 
stmtum  above. 
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THE  NEW  ARTESIAN  WATER  SUPPLY  AT 
ITHACA,  N.  Y. 


By  Francis  L.  Whitney. 


The  of>je<*t  of  this  paper  i.s  to  vsM  attention  to  steps  taken  at  Ithaea 
to  obtain  a  pure  water  supply  from  underground  sources  after  the 
polhition  of  the  surface  sources  had  given  rise  to  a  severe  typhoid 
epidemic.  The  conditions  existing  at  Ithaca,  as  regards  underground 
waters,  are  probably  duplicated  at  many  points  in  New  York,  New 
England,  and  elsewhere,  and  attention  is  called  to  the  possibility, 
under  favorable  conditions,  of  procuring  adequate  supplies,  even  for 
towns  or  cities  of  some  size,  from  the  glacial  gravels  of  the  dc^eply 
filled  valleys  of  these  regions.  Such  supplies  may  not  always  be 
available,  but  the  possibility  that  they  may  be  procured  can  usually  be 
determined  by  a  few  inexpensive  test  wells. 

FACTORS  LEADING  TO  CHANGE  OF  SUPPLY. 

Old  water  supply, — Up  to  the  early  part  of  1903  the  cit}'  of  Ithaca 
obtained  the  larger  part  of  it«  water  supply  from  Sixmile  Creek,  a 
stream  entering  Cayuga  Liake  from  the  southeast  at  Ithaca.  The 
pumping  station  was  located  in  the  outskirts  of  the  city,  on  the  south- 
east side.  The  creek  is  between  15  and  20  miles  long.  In  general  its 
drainage  area  is  thinly  populated,  but  two  towns  having  an  aggregate 
population  of  several  hundred  inhabitants,  are  located  directly  on  the 
stream,  which,  in  fact,  receives  all  the  drainage  from  them. 

An  additional  water  supply  was  obtained  at  Buttermilk  Falls,  on  a 
small  creek  a)>out  \\  miles  south  of  Ithaca.  There  are  very  few  houses 
in  its  drainage  area. 

Cornell  University  derives  its  supply  from  Fall  Creek,  a  stream  that 
empties  into  Cayuga  Lake  at  its  south  end. 

Typhoid  epidemic,—  It  had  long  been  recognized  that  these  waters, 
especially  that  of  Sixmile  Creek,  were  liable  to  pollution,  and  precau- 
tionary systematic  examinations  of  the  water  were  made  from  time  to 
time.  These  analyses  were  made  by  Prof.  E.  M.  Chamot,  of  Cornell 
University.  Some  difficulty  existed  in  the  interpretation  of  the  analy- 
ses, because  of   the  fact  that  a  number  of  flowing  salt  wells  were 
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tributary  to  the  stream,  so  that  it  was  not  possible  to  determine  what 
part,  if  any,  of  the  chlorine  that  the  water  contained  was  due  to  sewage 
or  similar  pollution. 

The  water  gave  general  satisfaction  until  about  the  beginning  of 
1903,  when  an  exceptionally  severe  epidemic  of  typhoid  fever  broke 
out  in  the  city.  Hundreds  of  residents,  including  many  students  of 
Cornell  University,  were  stricken,  and  the  percentage  of  deaths  was 
very  high.  The  public  was  thoroughly  aroused  to  the  necessity  of 
taking  immediate  and  radical  steps  for  determining  the  cause  of  the 
epidemic  and  for  furnishing  a  new  water  supply,  provided  the  source 
of  danger  was  found  to  lie  in  the  old  supply. 

It  was  found  that  the  city  supply  from  Buttermilk  Falls  and  the 
college  supply  from  Fall  Creek  were  unpolluted.  Sixmile  Creek,  on 
the  contrary,  was  proved  to  be  highly  polluted,  and  it  was  seen  that 
this  was  the  probable  cause  of  the  epidemic. 

Proposed  dam  on  Sixmil-e  Creek. — During  1902  the  Waterworks 
Company  began  the  erection  of  a  high  dam  on  Sixmile  Creek,  in  order 
to  provide  a  supplementary  source  of  supply.  The  dam  was  designed 
to  be  90  feet  high  and  100  feet  wide.  Many  of  the  citizens  of  the 
town  and  some  experts  considered  the  dam  unsafe  and  vigorous  pro- 
tests were  made.  The  protests  were,  however,  without  result,  and 
the  company  continued  the  work  of  construction.  The  feeling  against 
the  company  became  very  strong  and  was  doubtless  a  factor  in  the 
controversy  which  arose  over  the  question  of  securing  artesian  water. 

Action  of  water  commissioners. — On  February  16,  1903,  the  water 
commissioners  met  and  discussed  the  feasibility  of  installing  a  filtra- 
tion plant.  The  plan  was  proposed  by  President  S(*hurman,  of  the 
university.  Prof.  E.  M.  Chamot  testified  that  such  a  plant  would 
not  act  as  a  perfect  sterilizer,  although  if  properly  constructed  and 
controlled  it  would  remove  98  to  99  per  cent  of  the  bacteria.  The 
plan  received  little  support. 

Commissioner  Horton  called  attention  to  the  expense  of  filtering 
and  the  ease  with  which  a  company  can  furnish,  without  detection, 
unfiltered  water,  and  advocated  artesian  wells  as  a  source  of  supply. 
It  was  thought  that  such  wells  could  be  obtained  within  a  radius  of 
10  miles  of  the  city. 

It  was  urged  by  Professor  Chamot  that  most  of  the  artesian-well 
water  of  the  locality  was  too  hard  for  household  purposes,  but  that  It 
could  be  used  in  boilers,  as  attested  by  the  fact  that  it  had  for  eight 
yeare  been  used  in  those  at  the  salt  plant  without  bad  effects.  A 
further  objection  to  the  use  of  artesian  wells  lay  in  the  fact  that  the 
city  might  be  liable  for  damages  resulting  from  the  loss  of  water 
in  adjacent  wells.  The  drilling  of  test  wells,  the  effect  of  which  it 
was  proposed  to  observe  carefully,  was  advised  as  a  precautionary 
measure. 
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Artl/m  ftf  common  cotuicH. — At  a  meeting  of  the  common  council 
early  in  the  year  Preaident  Schurman  urged  immediate  efforts  to 
obtain  uncontaminated  supplies,  stating  that  it  would  l)ecome  neces- 
sary to  close  the  university  unless  a  satisfactorj'  supply  was  obtained 
by  September  1,  1903.  He  reported  that  the  executive  committee 
and  a  number  of  trustees  of  the  university  had  considered  the  advisa- 
bility of  sinking  artesian  wells,  and  had  reported  that  it  would 
probably  not  be  possible  to  obtain  from  such  wells  the  2,000,000  gal- 
lons of  water  consumed  daily  by  the  city.  In  consideration  of  the 
necessity  of  obtaining  pure  supplies  by  September  1,  it  was  recom- 
mended that  the  filtration  plant  be  installed.  This  proposition  was 
adopted  by  the  council,  but  it  was  decided,  before  proceeding  further, 
to  submit  the  subject  to  the  referendum  of  the  people.  A  special 
election  was  ordered,  to  take  place  on  March  2,  to  determine  whether 
the  city  should  undertake  the  ownership  of  its  water  supply.  This 
election  resulted  in  favor  of  municipal  ownerehip. 

Action  of  committee  of  one  hundred, — Following  the  election  a  com- 
mittee of  one  hundred  was  appointed  from  among  the  representative 
men  of  the  city  which  agreed  to  subscribe  to  the  amount  of  $10,000  or 
more  toward  procuring  an  immediate  pure  supply  and  for  conducting 
experiments  to  determine  the  probability  of  a  permanent  supply  of 
artesian  water  from  the  Freeville  basin.  The  Fourth  street  test  well, 
described  on  a  subsequent  page,  was  sunk  by  this  conmdttee. 

FREEVILLE  ARTESL4N   BASIN. 

The  Freeville  basin  is  a  portion  of  the  deep,  gravel-filled  valley  of 
Fall  Creek  lying  in  the  vicinity  of  Freeville,  about  10  miles  northeast 
of  Ithaca.  The  watershed  contributing  to  the  basin  covers  75  square 
miles,  while  the  basin  proper  has  an  area  of  from  15  to  25  square  miles. 
It  was  estimated  that  10,000,000  gallons  of  water  daily  could  be 
obtained  from  this  basin,  although  the  nature  of  the  material  and  the 
slope  of  the  hydraulic  grade,  or  underground  water  surface,  was  prac- 
tically unknown.  Because  of  the  lack  of  definite  information  in  regard 
to  the  basin  and  its  distance  from  the  city  the  project  of  obtaining 
water  supply  from  it  was  finally  abandoned. 

ITHACA   ARTESIAN    BASIN. 

Attention  was  then  directed  to  the  valley  in  which  the  city  of  Ithaca 
lies.  An  examination  of  the  geology  of  the  region  showed  that  Iwcause 
of  the  slope  of  the  rocks  to  the  south,  while  their  outcrop  was  at  a 
lower  level  to  the  north,  they  could  not  be  expected  to  yield  flowing 
water.  "The  fineness  of  the  texture  of  the  rocks  is  also  such  that  their 
water-holding  capacity  is  small. 
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The  conditions  for  a  supply  from  the  gravels  filling  the  valley, 
however,  are  much  more  favorable.  Such  wells  as  had  been  drilled 
obtained  considerable  supplies,  and  it  appeared  probable  that  with 
additional  wells  a  supply  sufficient  to  meet  the  needs  of  the  city  could 
be  obtained. 

The  underground  water  of  the  region  is  probably  derived  b}^  absorp- 
tion from  the  waters  brought  in  from  the  south  by  (yov  Glen,  Butter- 
milk Creek,  Enfield  Creek,  and  other  streams  tributary  to  the  main 
valley  occupied  by  Cayuga  inlet.  Cayuga  Lake  will  apparently  have 
little  bearing  on  the  water  supplies  of  the  gravels,  its  surface  being 
considerably  lower  than  the  mouth  of  the  wells.  Prof.  (i.  D.  Harris 
suggested  the  use  of  screens  adjusted  in  the  casing  of  the  wells  at  each 
water  bed  in  order  that  all  producing  horizons  might  be  drawn  upon. 

It  was  not  regarded  as  essential  to  the  success  of  the  artesian  supply 
that  the  wells  should  actually  flow,  it  making  very  little  difference  in 
the  cost  of  distribution  whether  the  water  stood  a  few  feet  above  or  a 
few  feet  below  the  surface.  Jamestown,  in  western  New  York,  is  sup- 
plied with  water  from  a  deeply  gravel-filled  channel.  At  the  start  the 
wells  rose  perhaps  25  feet  above  the  surface,  but  as  more  wells  have 
been  sunk  into  the  water-bearing  gravels  and  a  considerable  supply 
drawn  from  them  the  old  wells  have  ceased  to  flow,  all  the  larger  wells 
being  connected  with  powerful  steam  pumps. 

It  was  conceded  that  the  water  supply  of  Cayuga  inlet  valley  would 
easily  supply  Ithaca  proper,  while  if  necessarj'^  the  university  and  por- 
tions of  the  city  in  its  vicinity  could  be  supplied  by  Fall  Creek. 

WELLS  IN  THE   ITHACA   BASIN. 

The  IJUtmi  well. — The  lUston  well,  which  is  about  287  feet  deep, 
was  sunk  by  Mr.  Illston  for  the  purpose  of  obtaining  pure  water  for 
the  manufacture  of  ice.  After  much  labor  and  expense  he  succeeded 
in  obtaining  a  well  which  gave  a  pressure  of  about  13  pounds  per  square 
inch  and  a  temperature  of  54^  F.  Tests  made  by  Mr.  E.  B.  Kay  on 
March  6, 1903,  showed  that,  with  the  pipe  8  feet  above  ground,  403,142 
gallons  of  water  ran  from  the  well  daily,  the  test  being  made  with  a 
weir  after  the  well  had  run  freely  for  one  hour.  Mr.  Kay  estimated 
that  had  the  test  been  made  at  the  surface  of  the  ground  the  result 
would  have  been  more  than  425,000  gallons.  By  the  use  of  an  air  lift 
or  other  pump  the  capacity  would  probably  be  increased  at  least  50 
per  cent,  and  it  is  not  impossible  that  1,000,000  gallons  daily  might 
be  procured  from  this  well  alone.  A  second  test,  made  March  8,  after 
the  well  had  flowed  twenty-four  hours,  showed  an  output  of  405,000 
gallons  a  day.  The  flow  was  even  stronger  than  in  the  former  test. 
Records  at  the  Cornell  chemical  laboratories  show  that  the  analysis  of 
water  from  this  well  is  as  follows: 
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AnalyMs  of  nmier  from  IllMon  well. 

Parts  per 
million. 

Free  ammonia 0. 480 

Albuminoid  ammonia 0. 005 

Nitrogen  as  nitrites None. 

Nitrogen  as  nitrates Trace. 

Oxygen  consumed 0. 644 

Chlorine  as  chlorides 61. 640 

Total  solid  residue 304.000 

Loss  of  solids  on  ignition 78. 000 

Comparative  analyses  made  by  Professor  Chamot  on  the  Illgton  and 
other  waters  of  this  vicinity  showed  that  in  1,0(X),000  parts  the  Illston 
water  contained  309  parts  solid  matter;  Fall  Creek  water,  309  parts; 
Buttermilk  Creek  water,  200  parts;  springs  in  vicinity  of  the  city,  165 
to  200  parts;  city  well  water,  500  parts,  and  Forest  Home  well  water, 
070  parts  per  million. 

From  the  analysis  it  appears  that  the  Illston  well  water  is  softer  than 
that  of  most  of  the  wells  and  springs  in  the  city  or  at  Forest  Home,  as 
soft  as  the  Fall  Creek  water,  and  almost  as  soft  as  Buttermilk  Creek 
water. 

Salt  well. — About  eight  years  ago  the  National  Salt  Company  began 
to  sink  its  first  well  to  the  salt  bed.  A  14:-inch  hole  was  drilled.  For 
the  firet  hundred  feet  the  drill  went  through  a  stratum  of  clay,  in  which 
no  water  was  found.  At  the  depth  of  100  feet  the  drill  broke  through 
the  clay  into  a  gravel  bed,  upon  which  the  hole  was  instantly  filled 
with  pure,  clear  water. 

After  going  through  the  gravel,  100  feet  beyond  the  water  vein,  the 
drill  was  brought  to  the  surface,  and  in  the  corner  of  the  derrick 
house  another  well,  this  one  6i  inches  in  diameter,  was  sunk  to  a  depth 
of  about  120  feet,  the  lower  20  feet  being  in  the  gravel.  The  water 
from  this  well  was  clear,  despite  the  fact  that  the  drill  had  ground  up 
the  gravel  and  had  created  a  condition  which,  naturally,  would  have 
caused  the  water  to  be  turbid.  A  third  well,  of  the  same  size  as  the 
last,  was  sunk,  and  then  the  drilling  of  the  first  and  deeper  well  was 
resumed.  After  the  completion  of  the  plant  a  pump  was  attached  to 
one  of  the  wells.  The  flow  was  so  copious  that  the  engine  was  shut 
off  to  half  its  power,  and  for  eight  years  only  a  small  part  of  the 
water  which  might  be  drawn  from  the  well  has  been  used,  although 
thousands  of  gallons  are  consumed  daily  at  the  plant. 

Fourth  street  test  well. — With  the  belief  that  other  wells  sunk  in  this 
vicinity  would  prove  successful  a  test  well  was  bored  near  Fourth 
street.  This  well  was  readily  drilled  to  the  water-bearing  stratum, 
which  was  struck  at  the  depth  of  91  feet.  When  the  gravel  was 
reached  the  6-inch  pipe  was  quickly  filled  with  water.  Another  length 
of  pipe  was  then  added,  and  the  well  was  completed  at  a  depth  of  123 
feet,  with  32  feet  of  pipe  in  the  gravel. 
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This  well  was  then  tested  by  pumping  for  several  hours  with  a  steam 
fire  engine.  Although  the  engine  was  worked  to  its  full  capacity  there 
was  no  diminution  of  the  water  supply.  The  well,  however,  has  since 
become  choked  with  fine  sand,  which  has  gradually  filled  the  screen. 
It  is  believed,  however,  that  if  properly  developed  it  may  again  be 
made  to  yield  abundantly. 

Welh  drilled  for  temporary  aupply. — Meanwhile  workmen,  under 
the  direction  of  the  water  board,  were  drilling  several  wells  for  a 


Fig.  17.— Sketch  map  showing  location  of  temporary  supply  wells  near  Ithaca. 

temporary  supply.  These  wells  are  located  on  the  lowlands  in  the 
valley  of  Cayuga  Lake,  along  the  lines  of  the  Delaware,  Lackawanna, 
and  Western  Railroad  Company  and  the  Lehigh  Valley  Railroad  Com- 
pany, near  the  intersection  of  Clinton  street  with  the  railroads.  The 
lowlands  are  level  and  swampy,  being  only  about  3  feet  above  Cayuga 
Lake.  As  shown  by  the  accompanying  map  (fig.  17)  they  are  within  a 
few  feet  of  the  Illston  well,  south  of  the  city. 
The   wells  were  all   sunk  by   a  walking-beam  drill,  assisted  by 
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bydiaulic  jet  to  remove  the  fine  sand  when  the  water-bearing  strata 
was  reached. 

Of  the  13  wells  put  down  by  the  board  onl}^  3  are  dry,  2  ending 
in  black  shale,  the  others  in  fine  sand  and  gravel.  Many  have  an 
excellent  head,  those  nearest  the  Ulstonwell,  already  described,  having 
the  greatest.  One,  known  as  Strang  No.  3,  had,  at  the  time  of  boring, 
a  static  head  of  17i  pounds.  Some  of  the  wells  nevertheless  required 
developing,  and  were  opened  by  exploding  dynamite  at  their  bottoms, 
the  loosened  material  being  then  removed  by  washing.  In  the  Trapp 
well  over  30  pounds  of  dynamite  were  used  for  this  purpose. 

As  already  stated,  the  Ulston  well  yields  with  an  air  lift  425,000 
gallons  daily.  The  wells  sunk  for  the  temporary  supply  draw  their 
water  from  the  same  source.  What  the  wells  will  yield,  however,  is 
not  yet  known,  although  it  had  been  found  that  the  water  in  the  vari- 
ous wells  is  affected  by  the  pumping  of  others  in  the  series.  The 
water  board  estimates  that  the  wells  when  pumped  will  have  a  capacity 
of  3,000,000  gallons  daily. 

GEOLOGY  OF  THE  SUPPLY. 

The  diagranmaatic  sections  in  PI.  V,  together  with  the  written  records 
on  pages  64  to  66  indicate  the  manner  in  which  the  materials  are  dis- 
tributed in  the  different  wells.  It  will  be  seen  that  there  is  consider- 
able variation  in  the  upper  and  lower  portions  of  the  wells,  although 
a  certain  system  in  the  character  of  the  deposits  prevails.  At  the  top 
there  is  a  bed  of  mucky  clay  about  6  feet  thick.  Below  this  is  a  pure 
clay,  or  a  clay  containing  in  some  instances  considerable  amounts  of 
sand  or  gravel,  which  extends  to  a  depth  from  about  50  or  more  feet, 
beneath  which  is  from  20  to  50  feet  or  more  of  prevailingly  sandy  or 
gravelly  material,  in  which  some  clay  may  also  occur.  These  strata 
carry  water,  which  will  rise  to  within  about  10  feet  of  the  surface. 
None  of  this  water  is  admitted  to  the  wells,  but  is  cased  off  so  as 
to  avoid  any  possibility  of  contamination  from  surface  water.  The 
stratum  of  sand  and  gravel  last  mentioned  is  frequently  overlain  by 
logs  in  a  good  state  of  preservation,  which  the  drills  penetrate  with 
difficulty.  Underlying  the  gravel  and  sand  is  a  stratum  of  clay  that 
extends  to  depths  ranging  from  210  to  250  feet,  where  a  mixture  of 
gravel  and  clay  is  encountered  that  extends  downward  to  depths  vary- 
ing from  280  to  290  feet  below  the  surface.  The  lower  part  of  this 
stratum  was  in  many  cases  a  very  hard  and  compact  hardpan,  directly 
below  which  is  the  stratum  of  gravel  and  sand  from  which  the  supply 
of  water  is  drawn.  As  the  water  is  taken  only  from  this  stratum, 
which  lies  285  feet  below  the  surface  and  is  protected  by  a  great  thick- 
ness of  clay,  surface  pollution  becomes  practically  impossible. 

The  abundant  supply  can  l)e  attributed  to  the  general  conditions 
of  the  valley.     On  either  side  are  hills  attaining  a  height  of  about 
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1,000  feet  and  forming  an  immense  catchment  area.  Underneath  the 
drift  are  the  Portage,  Genesee,  and  Hamilton  shales,  and  other  rocks, 
dipping  southward.  The  slope  of  the  hills  being  nearly  at  right 
angles  to  the  dip  of  the  beds,  the  water  flows  downward  into  the 
valley  instead  of  percolating  through  the  underlying  rocks.  At  a 
distance  of  8  miles  south  of  the  city  the  floor  of  the  valley  is  about 
472  feet  higher  than  at  the  wells.  The  water  from  the  hilLs  of  this 
region  finds  its  way  into  the  gravel  and  sand  deposits  of  the  valley, 
and  by  these  is  conveyed  toward  the  lake. 

Wells  drilled  outside  a  rather  definitely  limited  area  either  fail  to 
obtain  water  or*  procure  only  small  supplies  with  little  head.  Wells 
drilled  along  a  certain  line,  however,  procure  water  under  considera- 
ble pressure.  The  facts  indicate  the  probable  presence  of  a  rather 
definite  and  limited  water  course  through  sand  and  gravel  overlain  by 
impervious  clays. 

WELL   RECORDS. 

The  sections  of  six  of  the  artesian  wells  in  the  vicinity  of  Ithaca 
have  l>een  given  in  PL  V.  Below  are  given  records  of  a  number  of 
additional  wells. 

SOUTH  WELL. 


Material. 


Soil 

Blue  clay 

Clay 

Sandy  clay  and  wood 

Sandy  clay 

Gravel  and  clay 

Clay 

Clay  and  gravel 

Clay 

Sandy  clay 

Sand 

Coarse  sand 

Coarse  to  fine  sand 

Coarse  sand;  struck  water 


Thick- 
nes8. 

Depth  to 
haw. 

Feet. 

Feet. 

5 

5 

7 

12 

8 

20 

10 

30 

10 

40 

10 

50 

10 

60 

10 

70 

65 

135 

65 

200 

10 

210 

10 

220 

10 

230 

2 

232 

Located  1,500  feet  up  the  valley  from  Clinton  street,  Ithaca,  and  about  70  feet 
east  from  the  Delaware,  Lackawanna  and  Western  Railroad.  Authority,  Mr. 
Partridge. 
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MILLARD  WELL  NO.  2. 


63 


Material. 


Clay 

Sand  and  gravel. 
Quicksand 


Clay 

Clay  and  gravel 

Qoicksand 

Cemented  gravel 

Fine  sand  and  clay  mixed 

Hardpan 

1  bucket  coarse  gravel;  black  sand. 

Hardpan 

Struck  flowing  water 


Thick- 
nesH. 

Depth  to 
base. 

Feet. 

Feet 

44 

44 

31 

75 

3 

78 

123 

201 

21 

222 

18 

240 

4 

244 

7 

251 

6 

257 

1 

258 

1 

259 

259 

STRANG  WELL  NO.  2. 


Driven  with  plugge<i  pipe 

Fine  sand 

Clay 

Clay  with  large  stones 

Thin  clay 

Thin  clay  and  fine  sand 

Fine  sand 

3  or  4  buckets  of  sand  and  coarse  gravel. 

Fine  sand 

Clay  and  gravel,  hardpan 

Clay  and  gravel  with  large  stone 

Clay  and  gravel  with  streaks  of  fine  sand. 

Clay  and  sharp  black  sand 

Clay,  fine  sand,  and  gravel 

Clay  and  black  sand 

&>ft  black  shale  rock  and  sand 

Black  shale 

Dry  hole. 


87 

87 

10 

97 

116 

213 

22 

235 

33 

268 

11 

279 

8 

287 

13 

300 

7 

307 

6 

313 

3 

316 

11 

327 

1 

328 

2 

330 

12 

342 

10 

352 

STRANG  WELL  NO.  3. 


Pipe  driven  with  end  plugged  . 
I^ 


Clay  and  sand 

Clay 

Clay  and  sand 

Qoicksand 

Black  sand  and  some  clay  and  fine  sand  mixed  . 

Do 

Struck  water 


iRR  110—06 5 


110 
2 
11 
47 
70 
19 
16 
5 


110 
112 
123 
170 
240 
259 
275 
280 
280 
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STRANG  WELL  NO.  4. 


Material. 


Thick- 


Depth  to 
base. 


Driven  with  plugged  pipe  . 

Clay  and  large  gravel 

Fine  sand 

Clay 

Hard  clay  and  stone 

Fine  sand 

Struck  water 


Feet. 

110 

10 

10 

112 

6 

32 


Feet. 


110 
120 
130 
242 
248 
280 
280 


STRANG  WELL  NO.  6. 


Driven  with  plugged  pipe. 

Clay  and  stone 

Fine  sand 

Clay 

Clay  and  stone 

Clay 

Gravel;  struck  water 


108 

108 

7 

115 

8 

123 

121 

244 

12 

256 

14 

270 

6 

276 

PRESENT  CONDITIONS. 

The  total  number  of  wells  sunk  is  14,  of  which  two,  put  down  in  the 
first  prospecting,  are  at  such  a  distance  from  the  station  and  collecting 
well  as  to  make  it  impracticable  to  connect  with  them  on  account  of 
cost,  and  three  are  dry  or  nearly  dry.  The  remaining  nine  productive 
wells  vary  in  flow  from  50,000  gallons  to  430,000  gallons  each  per  day 
of  twenty-four  hours,  and  the  static  heads  vary  from  16  to  18  pounds. 

The  flow  is  collected  by  a  system  of  pipes  and  laterals  and  delivered 
to  a  circular  brick  cistern  or  well,  16  feet  in  diameter  and  18  feet  deep, 
where  any  gravel  or  sand  is  deposited,  so  that  it  may  not  reach  the 
pumps.  The  walls  of  the  collecting  well  are  17  inches  thick,  and  are 
made  water-tight  by  a  thick  wall  of  puddled  blue  clay  that  entirely  sur- 
rounds the  well  and  extends  from  the  surface  downward  to  a  depth  of 
6  feet,  reaching  the  stratum  of  clay  underlying  the  soil. 

In  the  meantime  the  waterworks  company  has  constructed  a  filtra- 
tion plant  of  the  mechanical  type,  from  which  those  who  are  willing 
to  take  real  or  fancied  filtered  water  obtain  their  supplies. 

For  a  permanent  supply  deep  wells  in  the  valley  of  Sixmile  Creek 
are  contemplated,  although  not  yet  decided  upon.  These  can  be  so 
located  that  the  water  may  be  distributed  by  a  gravity  system. 
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DRILLED  WELLS  OF  THE  TRIASSIC  AREA  OF 
THE  CONNECTICUT  VALLEY. 


By  W.  H.  C.  Pynchon. 


tNTRODUCTION. 

Location  and  area. — The  Triassic  area, 'so  called  from  the  fact  that 
it  is  underlain  b}'  rocks  of  Triassic  age,  is  the  lowland  belt  extending 
from  N  'W  Haven  in  a  direction  slightly  east  of  north  to  Northfield, 
Mass.,  not  far  from  the  New  Hampshire  line — a  distance  of  about  110 
miles  (fig.  18).  Its  width  at  New  Haven  is  about  3  miles.  To  the  north 
it  expands  until  at  the  Massachusetts  line  it  has  a  width  of  20  miles, 
from  which  it  gradually  declines  to  a  width  of  about  a  mile  at  its 
northern  end. 

It  is  an  area  of  soft  sandstones  and  shales,  with  occasional  trap  ridges, 
lying  in  a  broad  depression  between  harder,  more  or  less  crystalline 
rocks.  It  is  traversed  from  its  northern  end  southward  to  beyond 
Middletown  by  the  Connecticut  River  and  is  frequently  spoken  of  as 
the  Connecticut  Valley  lowland. 

General  conditions, — ^The  sedimentary  rocks  of  the  Triassic  area  vary 
from  coarse  conglomerates  through  sandstone  to  tine  clay  shales,  inter- 
bedded  with  which  are  thick  sheets  of  trap.  The  dip  is  a  little  south 
of  east  and  avei*ages  about  14  degrees.  The  rocks,  except  the  traps, 
are  porous,  holding  up  to  30  per  cent  of  their  own  volume  of  water, 
and  the  dips  are  such  that  artesian  flows  would  ordinarily  be  expected 
in  the  lower  valleys.  Such  flows  are  sometimes  obtained,  though, 
because  of  disturbance  by  faulting  and  the  presence  of  numerous  joints, 
the  waters  of  the  area  are  uncertain  as  to  quantity  and  as  to  the  height 
to  which  they  will  rise.  The  Triassic  rocks  are,  nevertheless,  a  very 
important  source  of  water,  and  it  is  with  a  view  of  describing  the  con- 
ditions to  drillers  and  well  owners  that  the  following  account  has  been 
prepared.  The  region  involved  in  the  problem  is  not  limited  by  geo- 
graphical but  by  geological  boundaries,  being  confined  to  the  area  of 
outcrop  of  the  Triassic  rocks. 

Nature  of  investigation, — In  the  Triassic  area  the  occurrence  of  water 
is  dependent  directly  upon  the  texture  and  structure  of  the  rocks,  and 
is  therefore  strictly  geological.  To  fully  understand  its  occurrence  a 
knowledge  of  the  geological  conditions  is  necessary.    This  knowledge 
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may  be  obtained  in  part  by  an  examination  of  the  rocks  where  they 
are  exposed  at  the  surface,  but  a  full  insight  into  the  question  requires 
an  intimate  understanding  of  the  conditions  as  they  are  disclosed  by 
borings  made  for  wells.  No  one  is  in  a  better  position  to  know  the 
underground  conditions  in  his  own  wells  than  the  driller,  but  his 
detailed  knowledge  rarely  extends  to  the  wells  of  other  drillei's  and 
almost  never  covers  the  whole  field.  It  is  by  combining  information 
obtained  from  local  authorities  throughout  the  entire  field  and  from 
his  own  personal  observation  that  the  geologist  is  able  to  present  a 
comprehensive  view  of  the  entire  region. 

The  present  paper  is  a  result  of  the  method  of  investigation  outlined 
above.  Published  descriptions  of  the  region  were  consulted,  additional 
field  work  was  done  in  places  concerning  which  further  information 
was  desired,  and  well  records  and  other  information  furnished  by 
drillers  was  collected  from  all  parts  of  the  area. 

Collection  of  well  data, — At  the  beginning  of  the  investigation  much 
information  concerning  well  records  was  obtained  by  correspondence. 
Printed  or  typewritten  blanks,  containing  a  number  of  questions 
relating  to  the  owner,  location,  diameter,  and  depth  of  well;  quantity, 
quality,  and  height  of  water;  materials  encountered,  additional  well 
owners,  drillers,  etc.,  were  sent  out.  The  typewritten  blanks  were 
returned  in  almost  every  case,  and  a  large  number  of  the  printed  forms 
were  also  received.  These  furnished  a  good  basis  for  planning  field 
work,  which  was  then  undertaken.  In  the  field,  pereonal  interviews 
were  had  with  drillers  and  well  owners  and  facts  relating  to  the  wells 
were  obtained  at  first  hand.  These  facts  were  afterwards  studied  and 
compared  with  one  another  and  the  resulting  information  was  com- 
piled for  publication  in  the  present  report. 

Special  thanks  are  due  to  Mr.  C.  L.  Grant  and  Mr.  H.  B.  King,  well 
drillers,  of  Hartford,  Conn.,  for  records  and  valuable  information 
relating  to  wells  of  the  area. 

TOPOGRAPHY. 

The  topography"  of  the  region  is  in  general  such  as  might  be 
expected  from  the  general  geological  structure.  The  hard  crystalline 
rocks  of  the  eastern  and  western  uplands  stand  well  above  the  region 
of  soft  Triassic  sediments,  surrounding  them  like  a  barrier.  At  its 
northern  limit  the  lowland  has  an  elevation  of  from  400  to  600  feet 
above  sea  level,  but  the  land  slopes  steadily  downward  toward  the 
south  until,  in  the  region  of  New  Haven,  there  are  portions  which  are 
only  slightly  above  sea  level.     As  would  be  expected,  the  harder  sedi- 

aThe  entire  areas  of  the  Stales  of  Connecticut  and  Massachusetts  have  been  mapped  by  the  United 
States  Geological  Survey.  The  complete  series  of  maps  Includes  about  70  sheets,  of  which  about  16 
lie  within  the  area  under  discussion.  The  separate  sheets  are  sold  by  the  Survey  for  5cent8each~tlie 
approximate  cost  of  printing.    Lists  can  be  had  on  application  to  the  Survey. 
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mentary  beds  find  topographic  expression  in  low  ridges  following  the 
strike  of  the  rocks  in  a  generally  north-to-south  direction,  their  steeper 
faces  being  toward  the  west,  as  the  beds  dip  eastward.  But  it  is  to 
the  highly  resistant  trap  sheets  that  the  valley  owes  its  most  striking 
topographic  features.  Throughout  the  whole  Triassic  area  the  trap 
ranges  dominate  the  lowlands  in  strong  ridges  that  run  from  north  to 
south  and  present- bold  cliffs  on  the  west  and  gentle  slopes  on  the  east. 
The  western  cliffs  of  these  ridges  are  buried  in  some  cases  almost  to 
their  sununits  by  a  heavy  talus  of  fragments  which  the  frost  has  split 
from  their  faces.  These  slopes  of  talus,  topped  by  perpendicular 
cliffs,  have  a  marked  individuality,  and  though  of  no  great  elevation 
have  long  been  spoken  of  as  *'  mountains  "  throughout  the  region.  The 
highest  of  these  ridges  in  Massachusetts  is  Mount  Tom,  about  10  miles 
northwest  of  Springfield,  which  has  an  elevation  of  1,200  feet  above 
sesk  level,  while  the  most  conspicuous  in  Connecticut  is  West  Peak,  in 
the  Hanging  Hills  of  Meriden,  with  an  elevation  of  1,007  feet. 

GEOIiOGY. 

PREVIOUS  INVESTIGATIONS. 

Soon  after  the  beginning  of  the  nineteenth  century  the  geology  and 
the  mineralogy  of  the  Triassic  area  of  Connecticut  and  Massachusetts 
began  to  attract  attention,  papers  on  the  subject  having  been  published 
by  the  elder  Professor  Silliraan,  of  Yale,  as  early  as  1814.  The  first 
geologist  to  make  a  thorough  study  of  the  Connecticut  section  was  Dr. 
James  Gates  Percival,  who  published  in  1842,  under  State  auspices,  a 
"Report  of  the  Geology  of  Connecticut."  Dr.  Charles  Upham  Shep- 
ard  had  published  in  1837  his  "  Report  on  the  Geological  Survey  of 
Connecticut,"  but  this  work  was  confined  almost  wholly  to  the  mineral 
resources  of  the  State.  At  about  the  same  time  the  portion  lying  in 
Ma^achusetts  received  attention  from  Prof.  Eklward  Hitchcock,  of 
Amherst  College.  Among  the  geologists  who  have  since  devoted 
special  attention  to  the  region  are  Prof.  J.  D.  Dana,  of  Yale,  Prof. 
B.  K.  Emei-son,  of  Amherst,  and  Prof.  W.  M.  Davis,  of  Harvard. 
The  latest  and  most  exhaustive  treatise  on  the  Triassic  of  Massachu- 
setts is  Prof.  B.  K.  Emerson's  ''Geology  of  Old  Hampshire  County, 
Massachusetts."^  The  latest  and  fullest  treatise  on  the  Connecticut 
section  is  Prof.  W.  M.  Davis's  ''Triassic  Formation  of  Connecticut."* 

The  geology  of  the  Connecticut  Valley  lowland  is  interesting  from 
many  standpoints.  The  manner  in  which  quiet  processes  of  deposition 
have  alternated  with  volcanic  or  other  igneous  action  presents  in  itself 
a  broad  field  of  study,  but  the  elaborate  manifestations  of  faulting  and 
displacement  and  the  complicated  structures  and  topographic  forms 

aMon.  U.  S:  Qeol  Survey,  vol.  29, 1898. 

frEighteenUi  Ann.  Rept  U.  8.  Qeol.  Survey,  pt.  2, 1898.  pp.  1-192. 
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which  have  been  developed  in  the  region  are  the  chief  sources  of 
interest  to  the  geologist.  It  is  not  within  the  province  of  this  paper, 
however,  to  bike  up  the  geological  history  of  the  area,  attention  being 

necessarily  confined  to  the  existing 
structure  without  regard  to  the  pro- 
cesses by  which  this  structure  has 
been  produced,  except  in  so  far  as 
they  influence  the  underground  water 
supply.  It  is  from  this  standpoint 
alone  that  the  following  description 
of  the  geology  and  topogmphy  of 
the  region  is  given,  the  reader  being 
referred  for  further  information  to 
the  publications  mentioned  above. 

GENERAL  RELATIONS. 

Both  the  eastern  and  the  western 
portions  of  Connecticut  are  occupied 
by  extensive  highlands.  These  con- 
sist of  ancient  metamorphic  rocks, 
deepl}'  eroded  by  streams  and  over- 
lain by  glacial  drift.  The  western 
upland  is  the  more  elevated,  attain- 
ing at  one  point,  Bear  Mountain,  a 
height  of  2,366  feet  above  the  sea. 
In  Massachusetts  this  western  up- 
land is  even  more  rugged  than  in 
Connecticut,  and  contains  within  its 
borders  the  famous  Berkshire  Hills. 
The  eastern  upland  of  Massachusetts 
is,  like  that  of  Connecticut,  much  less 
rugged  than  the  western.  The  rocks 
are  highly  metamorphosed  and  deep- 
ly dissected  by  the  streams  which 
traverse  them.  Professor  Emerson 
assigns  the  chief  part  of  the  meta- 
morphosed rocks  in  Franklin,  Hamp- 
shire, and  Hampden  counties,  Mass., 
to  the  Silurian,  a  considerable  por- 
tion  to   the   Cambrian,   two   much 

FiQ.  18.— Geologic  sketch  map  of  the  Triaasic  smaller  portioUS  tO  the  Upper  De- 
area  of  the  Connecticut  Valley,  vonian  and  the  Carboniferous,  and 
a  very  small  portion  to  the  pre-Cambrian.  It  is  pi*obable  that  a 
detailed  study  of  the  uplands  of  Connecticut  would  show  that  the 
rocks  comprising  them  would  fall  under  a  similar  classification. 


LONG      ISLAND 
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CHARACTER  OF  DEPOSITS. 

Natwreofthe  rocks, — Between  the  eastern  and  the  western  uplands, 
occupying  a  depression  in  the  older  rocks,  lies  the  Connecticut  Valley 
lowland,  the  limits  of  which  have  already  been  stated  (p.  67).  Its  rocks 
all  belong  to  the  Triassic  system.  The  g'reater  portion  of  these  rocks 
consists  of  comparatively  soft  sedimentary  beds  which  are  now  so 
tilted  that  they  have  a  rather  uniform  dip  eastward  of  about  15 
degrees.  Interspersed  with  these  rocks  are  to  be  found,  however, 
certain  sheets  of  volcanic  lava  (trap),  generally  interbedded  between 
the  strata  of  the  sedimentary  rocks,  in  nearly  all  cases  in  perfect 
conformity  with  the  beds  they  overlie. 

General  structtire. — A  section  across  the  Triassic  area,  as  constructed 
by  Professor  Davis,  is  shown  in  fig.  19.  The  succession  of  the  sand- 
stones and  traps,  the  uniform  eastward  dip  of  the  beds  of  about  15 
degrees  and  their  displacement  by  faulting  are  strikingly  brought  out. 

Succession  and  distribution  of  beds. — ^The  portion  of  the  Triassic 
area  in  Massachusetts  and  that  in  Connecticut  were  studied,  as  stated, 
by  two  geologists  working  independently,  and  in  geneml  the  same 
conclusions  were  reached  by  both.     The  uniformly  eastward  dip,  the 


Pio.  19.— Oeneralbsed  sectioB  across  the  Triassic  area  of  the  Connecticut  Valley. 

succession  from  lower  and  older  rocks  on  the  west  to  higher  and 
younger  at  the  center  of  the  area,  the  presence  of  conglomerates  along 
the  border,  the  succession  of  trap  sheets,  and  the  presence  of  great 
numbers  of  faults  are  recognized  by  both.  In  the  details  of  mapping, 
however,  different  subdivisions  of  the  rocks  were  made  in  the  two 
States,  and  there  is  some  difference  of  opinion  as  to  the  succession  of 
beds  in  the  eastern  portion  of  the  valley  and  the  character  of  the  con- 
tact along  that  margin.  Fig.  18  shows  the  distribution  of  the  rocks  in 
both  the  Massachusetts  and  Connecticut  areas  as  mapped  by  Professor 
Emerson"  and  Professor  Davis*  respectively.  In  the  following  table 
are  shown  the  equivalency  of  the  divisions  recognized  in  the  two 
States.  In  addition  to  the  formations  given  for  the  Massachusetts 
area  there  are  the  minor  Black  Rock  diabase  and  the  Granby  tuff  or 
ash  beds.  In  Connecticut  there  is  in  addition  what  has  been  known 
as  the  intrusive  trap  sheet.  These  minor  beds  will  be  considered  on 
a  subsequent  page. 

ttEmenon,  B.  K.,  Geology  of  old  HampRhire  County,  Maflsachusetts:  Mon.  U.  8.  Geol.  Survey,  vol. 

^Davifl,  W.  M„  The  Trlaatdc  formation  in  Connecticut:  Eighteenth  Ann.  Rept.  U.  S.  Qeol.  Survey, 
pt2,lS98, 
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TMe  allowing  correlaHon  of  Triassic  rocks  in  Massachusetts  and  Connecticut. 


SuMIvlsions  of  B.  K.  Emeraon  In  Mafisachusetts. 


Subdivisions  of  J.  G.  Percival  and  W.  M.  Davis 
in  Connecticnt. 


Chicopee  shales . 


Longmeadow 
sandstone 
and  included 
traps. 


Sandstone,  shale,  etc 

Hampton  diabase  (trap). 

Sandstone,  fihale,  etc 

Hoi  yoke  diabase  (trap).. 

Sandstone,  shale,  etc 

Talcott  diabase  (trap) . . . 
Sandstone,  shale,  etc 


Sugarloaf  arkose 

Mount  Toby  conglomerate . 


Upper  sandstones,  including  also  Mount 
Toby  conglomerate  and  peirt  of  Sugar- 
loaf  arkose. 

Posterior  trap  sheet 

Posterior  shale. 

Main  trap  sheet. 

Anterior  shales. 

Anterior  trap  sheet 

I  Lower  sandstone. 

Not  differentiated. 


DESCRIPTION  OF  ROCKS. 

Mount  Toby  conglomerate.  —This  is  a  coarse  conglomerate,  composed 
of  fragments  of  slaty  rocks,  schist,  and  quartz,  ranging  from  2  inches 
to  4  feet  in  diameter,  which  forms  a  narrow  band  along  the  eastern 
border  of  the  Triassic  area  in  Massachusetts,  extending  from  the  Bos- 
ton and  Albany  Railroad,  near  Ellis,  southward  to  the  State  line,  and 
on  the  same  side  from  a  point  just  north  of  Amherst  to  the  extreme 
northern  end  of  the  area.  It  has  not  been  differentiated  in  Connecti- 
cut, but  undoubtedly  extends  along  the  eastern  border  in  at  least  the 
northern  portion  of  the  State. 

Sugarloaf  arkose  {'^ Lower  sandstone^^  of  Davis  in  part). — This  is  a 
coarse  buff  to  pale  red  sandstone  or  conglomerate,  made  up  largely  of 
granite  fragments  that  were  derived  from  rocks  lying  farther  west. 
It  forms  the  western  border  of  the  Triassic  area  in  Massachusetts, 
and  bends  around  and  forms  the  eastern  border,  except  where  it  is  sep- 
arated from  the  crystalline  rocks  by  the  Mount  Toby  conglomerate. 
It  is  the  equivalent  of  the  conglomeratic  portions  of  the  "  Lower  sand- 
stone" of  Connecticut,  where  the  latter  rests  in  contact  with  the 
western  border  of  the  area. 

Longmeadow  sandstone  and  its  Connecticut  equivalents. — The  sand- 
stone occurs  as  a  broad  band  inside  of  the  Sugarloaf  arkose  belt.  It 
is  largely  of  the  red  or  brown  variety  of  sandstone,  known  as  brown- 
stone,  which  is  so  largely  quarried,  but  includes  many  thin  beds  of 
shale.  Interbedded  with  the  sandstone  are  also  thick  beds  of  traps, 
which  were  laid  down  as  lava  sheets  at  various  times  during  the  period 
when  the  sandstones  were  deposited.  The  Longmeadow  sandstone 
includes  the  noriconglomeratic  portion  of  the  lower  sandstones  of  Con- 
necticut, and  the  Anterior,  Posterior,  and  a  portion  of  the  Upper  shales 
or  sandstones  of  Connecticut. 
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TalcMt  diabase  {Anterior  trap  sheet), — This  is  a  massive  dark-colored 
trap  that  forms  an  important  feature  in  the  Connecticut  area,  where 
it  is  known  as  the  Western  trap  range,  but  does  not  enter  Massachu- 
setts. It  is  a  bedded  sheet,  originally  formed  as  a  volcanic  flow  on  an 
old  surface  during  the  period  of  deposition  of  the  sandstone. 

Ilolyol'e  diabase  {Main  trap  sheet). — This  is  a  dark,  dense  trap  bed, 
several  hundred  feet  thick,  that  extends  with  a  few  breaks  from  the 
northern  to  the  southern  i)ortion  of  the  area.  Because  of  its  resist- 
ance to  erosion  it  forms  a  conspicuous  ridge,  frequently  called  a  moun- 
tain, as  at  Mount  Tom  and  Mount  Holyoke.  It  is  sometimes  known 
as  the  ELastern  trap  range.  Like  the  Talcott  diabase  it  was  laid  down 
as  a  surface  lava  flow. 

Hampton  diabase  {Posterior  trap  sheet), — This  is  a  relatively  thin 
but  at  the  same  time  persistent  sheet  that  extends  with  some  inter- 
ruptions from  near  Mount  Tom  on  the  north  to  Long  Island  Sound  on 
the  south.  It  does  not  commonly  give  rise  to  a  conspicuous  ridge. 
Like  the  preceding  sheets  it  was  a  surface  flow. 

Black  rock  diabase.— This  is  a  diabase  which,  instead  of  flowing  out 
over  the  old  sandstone  surfaces,  was  forced  or  intruded  through  the 
sandstones  and  the  older  Holyoke  and  Hampton  traps  as  dikes  or  other 
igneous  masses.  It  is  found  only  in  the  region  southeast  of  the  Mount 
Tom  and  Mount  Holyoke  ridges  in  Massachusetts. 

Grranby  tuff. — ^This  is  a  sandstone  or  conglomerate,  made  up  of  vol- 
canic debris,  possibly  derived  from  the  volcanic  eruptions  accompany- 
ing the  intrusion  of  the  Black  Rock  diabase.  Its  distribution  is  much 
the  same  as  the  latter. 

Intrusive  traps  in  Connecticut, — The  intrusive  traps  are  of  two  types — 
intrusive  sheets  and  dikes.  The  former  is  represented  by  the  impor- 
tant trap  sheet  that  was  injected  between  certain  of  the  lower  sand- 
stone beds  near  the  western  border  of  the  Ti'iassic  area,  and  that 
extends  from  the  Massachusetts  line  southward  for  nearly  20  miles, 
and  again  from  near  Southington  to  New  Haven.  The  dikes  are  rep- 
resented by  smaller  and  more  isolated  masses,  having  approximately 
vertical  attitudes  cutting  across  the  bedding  of  the  sandstones. 

Chicopee  shale, — This  is  a  band  of  dark-gray  shaly  sandstone,  with 
some  shales,  that  extends  along  the  Connecticut  River  from  Hol- 
yoke southward  into  Connecticut.  In  that  State  it  has  not  been 
differentiated. 

FAULTING. 

When  first  formed  both  the  sedimentary  beds  and  the  trap  sheets 
were  continuous  and  unbroken.  If  simply  tilted  and  subjected  to 
erosion  such  beds  would  give  rise  to  continuous  ridges,  but  in  reality 
the  latter  are  broken  and  their  component  parts  shifted  in  relation  to 


Digitized  by  VjOOQIC 


72  HYDROLOGY   OF   EASTERN   UNITED   STATES,  1904.      [no.  IIO. 

one  another.  This  shifting  is  due  to  movements  which  have  taken 
place  along  certain  lines  of  fracture,  and  which  in  some  regions  have 
broken  the  roc^ks  into  a  series  of  blocks  bounded  by  faults  and  known 
as  fault  blocks.  The  faults  are  abundant  in  the  Triassic  area, 
both  in  Connecticut  and  in  Massachusetts,  reaching  a  high  devel- 
opment in  the  region  of  the  Hanging  Hills  of  Meriden.  In  direc- 
tion they  commonly  run  from  northeast  to  southwest,  transversely 
to  the  strike  of  the  beds,  but  some  northwest-southeast  faults  occur. 
In  a  given  district  they  are  usually  parallel  to  one  another.  In  many 
places  they  are  separated  by  intervals  of  only  a  fraction  of  a  mile, 
the  result  being  the  subdivision  of  the  rocks  into  long  narrow  blocks 
slightly  offset  as  regards  one  another.  In  most  cases  there  has  also 
been  much  movement  in  a  vertical  direction. 

In  these  dislocations  there  is  to  be  found  the  greatest  variation  in 
length  of  fault  line  and  amount  of  displacement.  At  one  end  of  the 
series  stand  the  small  local  faults,  which  can  be  traced  for  only  a  few 
feet  and  which  show  only  a  few  inches  of  slipping;  at  the  other  end 
may  be  placed  the  great  fault  which  separates  the  Hanging  Hills  from 
Lamentation  Mountain.  This  fault  crosses  the  whole  lowland  from 
northeast  to  southwest,  penetrating  both  the  eastern  and  the  western 
uplands  and  having  a  total  length  of  about  40  miles.^  The  upthrow  is 
on  the  east  of  the  fault  line  and  is  so  great  that  the  lower  sandstones 
under  Lamentation  Mountain  abut  against  the  Posterior  shales  of  Cat- 
hole  Peaks,  the  most  eastern  member  of  the  Hanging  Hills.  The  fault 
gap  between  these  two  portions  of  the  main  trap  sheet  is  a  mile  across. 
Faults  of  considerable  movement  everywhere  leave  distinct  notches  in 
the  crests  of  the  various  trap  ridges.  At  these  points  erosion,  acting 
along  the  fault  line,  has  cut  deep  gorges,  some  of  which  reach  the 
dignity  of  passes,  flanked  by  long  slopes  of  rocky  talus  topped  by  per- 
pendicular cliffs.  Excellent  examples  of  these  fault  gaps  are  Cathole 
Pass,  between  Cathole  Peaks  and  Notch  Mountain,  and  Reservoir 
Notch,  between  Notch  Mountain  and  West  Peak,  both  in  the  Hanging 
HUls. 

Throughout  the  southern  half  of  the  Connecticut  area,  from  about 
the  latitude  of  Hartford  to  Long  Island  Sound,  the  faults  are  closely 
parallel,  and  run  from  northeast  to  southwest,  the  upthrow  always 
being  on  the  eastern  side.  As  a  combined  result  of  this  displacement 
and  subsequent  erosion  there  is,  as  we  proceed  southward,  a  constantly 
recurring  recession  of  the  outcrop  of  the  various  members  of  the 
series,  this  overlapping  arrangement  being  specially  well  developed  in 
the  vicinity  of  Meriden.  From  about  the  latitude  of  Hartford  north- 
ward to  the  Massachusetts  State  line  the  faults,  though  still  oblique  in 
character,  run  from  northwest  to  southeast.     The  upthrow  is  still  on 

a  Davis,  W.  M.,  The  Triassic  formation  of  Connecticut:  Eighteenth  Ann.  Kept.  U.  8.  Geol.  Survey,  pt  2 
1898,  p.  100. 
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the  eastern  side  of  the  fault  lines,  so  that  there  is  still  a  tendency  to  an 
eastward  recession  of  the  outcrops,  but  in  a  manner  the  reverse  of  that 
which  is  seen  in  the  southern  portion  of  the  valley. 

In  the  Massachusetts  area  the  faults  in  the  Triassic  are  fewer  and  of 
less  importance.  Faults  of  both  the  varieties  mentioned  occur,  as 
will  l>e  seen  from  Professor  Emerson's  map,'*  but  they  produce  a  less 
striking  effect  on  the  arrangement  of  the  chief  ridges  of  the  region. 

Certain  faults  are  supposed  to  occur  in  connection  with  the  bound- 
aries of  the  Triassic  both  in  Connecticut  and  Massachusetts,  princi- 
pally in  connection  with  the  eastern  boundary,  and  they  have  been 
indicated  on  the  map*  accompanying  the  report  of  Professor  Davis. 

JOINTING. 

Jointing  in  traps. — Besides  the  faults  there  are  certain  minor  lines  of 
regular  separation  which  demand  attention.  These  are  the  joints 
which  exist  in  great  numbers  throughout  the  mass.  Every  titip  ridge 
in  the  lowland  shows  them  in  a  remarkable  degree,  but  they  are  espe- 
cially prominent  in  the  mountains  of  the  main  range.  The  trap  sheets 
are  divided  by  a  vast  number  of  these  joints,  the  planes  of  which  run 
in  a  direction  generally  perpendicular  to  the  cooling  surface,  and  along 
these  planes  the  rock  splits  up  into  approximately  rectangular  blocks 
of  all  imaginable  sizes.  It  is  these  joint  planes  that  form  the  nearly 
vertical  western  faces  of  the  mountains,  and  in  cases  where  erosion, 
working  on  some  local  fault,  has  produced  an  escarpment  facing  east- 
ward, the  cliffs  actually  overhang.  Every  trap  eminence  of  any  con- 
siderable height  is  fronted  by  a  long  talus  of  broken  trap,  formed  of 
joint  blocks  of  all  sizes  which  have  fallen  down  from  the  cliffs  above. 
A  little  gorge  marking  the  line  of  a  small  fault  near  the  crest  of  West 
Peak  is  fairly  choked  with  slabs,  some  of  them  12  feet  square  and  sev- 
eral feet  thick,  which  have  been  derived  from  the  walls  of  the  gorge. 
On  the  top  of  Rattlesnake  Mountain  are  large  blocks  of  trap  that  have 
been  detached  along  joint  planes,  while  at  the  foot  of  Talcott  Moun- 
tain, on  the  line  of  the  old  Albany  turnpike,  lies  a  joint  block  as  large 
as  a  small  house.  The  blocks  range  from  this  size  down  to  an  inch 
square.  In  some  localities  the  joints  divide  the  trap  into  shelves  of 
blade-shaped  fragments. 

Jointing  in  sedimentary  rocks. — Jointing  in  the  sedimentary  beds 
does  not  reach  the  highly  developed  condition  seen  in  the  trap  sheets. 
In  the  heavy  sandstonas  at  the  great  brownstone  quarries  at  Portland 
the  joints  are  on  a  large  scale  and  are  indispensable  aids  in  separating 
the  great  blocks  of  building  stone.     Yet  here  these  lines  of  fracture 


aEmeiBon,  B.  K.,  Geology  of  old  Hampshire  County,  Massachusetts:  Men.  U.  S.  Geol.  Survey,  vol. 
»,  PI.  XXXIV. 
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are  potential  rather  than  actual.  In  the  Hhales  the  joints  becomi)  much 
more  numerous  and  may  be  regarded  as  universal.  In  the  city  stone 
pits  near  Trinity  College  at  Hartford  the  Posterior  trap  has  been 
removed  for  road  metal,  leaving  broad  sheets  of  Posterior  shale, 
marked  with  ripple  marks  and  nmd  cracks,  exposed  to  view.  -  One 
looking  down  upon  this  floor  from  the  top  of  the  cliff  may  see  two  sets 
of  joint  cracks  that  cross  each  other  at  an  angle  of  about  60  degrees 
and  divide  the  mass  into  lozenge-shaped  sections.  Working  along  these 
two  sets  of  joint  planes  and  the  plane  of  the  bedding,  the  quarrymen 
remove  blocks  of  shale  averaging  about  a  foot  square  and  6  to  8  inches 
thick,  which  are  used  as  the  foundation  rock  in  the  construction  of  the 
streets.  Joint  blocks  in  this  shale  may  be  extremely  variable  in  size, 
and  are  often  not  over  an  inch  in  any  dimension.  An  examination  of 
almost  any  mass  of  shale  throughout  the  lowland  will  show  that  the 
jointing  seen  in  this  quarry  is  typical. 

Although  jointing  in  the  sediments  does  not  produce,  such  striking 
results  as  in  the  trap,  yet  the  joints  themselves  extend,  the  writer 
believes,  to  much  greater  distances,  both  vertically  and  horizontally, 
in  the  sedimentary  than  in  the  igneous  rocks.  Apparently  they  fre- 
quently become  actual  fissures  in  the  deep  rocks  and  have  a  profound 
effect  on  the  water  supply,  as  will  be  shown  later. 

GLACIAL  AND   RECENT   DEPOSITS. 

The  entire  Triassic  area  has  been  subjected  to  the  action  of  the  ice 
sheets  that  passed  over  the  region  in  Pleistocene  times.  The  outlines 
of  the  harder  ridges  have  been  softened  and  the  softer  rocks  have  been 
worn  away  in  many  places  by  the  scouring  action  of  the  ice.  Deposits 
of  till  were  formed  beneath  the  sheet  and  now  remain  in  the  shape  of 
the  well-known  hardpan,  while  gravel  and  sand  deposits  were  formed 
as  terraces  or  valley  fillings  by  the  glacial  streams  throughout  the 
region.  Since  these  deposits  were  laid  down  much  material  has  been 
'  carried  from  them  by  streams  and  redeposited  to  form  the  present 
flood  plains. 

The  presence  of  drift  over  the  region  is  of  great  importance  to  the 
water  supply.  If  the  bare  surfaces  of  the  rocks  were  exposed  the  water 
would  run  off  rapidly  instead  of  being  absorbed,  but  the  glacial  depos- 
its, especially  the  sands  and  gravels,  hold  in  storage  large  quantities 
of  water,  which  is  thus  kept  in  contact  with  the  underlying  sand- 
stones, by  which  the  water  is  continually  being  absorbed. 

WKJjLS  of  the  CONNECTICUT  YAJjUSY  liOWIiAND. 

Although  there  are  few  flowing  wells  in  the  Triassic  area  there  are 
many  wells  from  which  water  is  pumped,  and  some  of  these  would 
yield  a  supply  much  in  excess  of  the  capacity  of  the  pumps  that  are 
used  in  them. . 
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In  the  description  of  wells  which  follows  an  attempt  is  made  to 
present  data  bearing  upon  the  occurrence,  volume,  and  quality  of  the 
water.  Most  of  the  records  were  gathered  several  years  ago,  but  the 
area  is  fairly  well  covered  and  the  information  is  comprehensive.  In 
interpreting  the  figures  due  weight  should  be  given  to  the  source  of 
information.  Depths  reported  by  drillers  are  likely  to  be  more  accu- 
rate than  those  furnished  by  owners,  but  on  the  other  hand  the  quan- 
tity is  more  likely  to  be  accurately  stated  by  the  owner.  The  reports 
of  both  owner  and  driller  as  to  quality  are  likely  to  be  more  optimistic 
than  the  facts  warrant,  but  the  use  to  which  the  water  is  put — or, 
better,  the  uses  to  which  it  is  not  put — usually  gives  a  clue  to  its 
actual  character. 

The  records  are  far  from  uniform  in  the  character  of  the  points  pre- 
sented, certain  features  that  are  of  special  interest  and  consequence  in 
one  well  being  of  little  interest  in  another,  which  may  show  an  entirely 
diflFerent  set.  The  greater  abundance  of  the  records  in  the  vicinity  of 
the  towns  along  the  center  of  the  area  makes  the  data  in  such  situa- 
tions more  complete  than  for  the  outlying  portions,  but  the  value  of 
the  data  presented  for  wells  in  the  outlying  regions  is  probably 
greater.  Data  relating  to  wells  that  were  failures  are  especially  diffi- 
cult to  obtain  from  either  owner  or  driller.  The  driller  especially  is 
loath  to  give  details  which  might  tend  to  discourage  further  drilling. 
This  is  unfortunate,  as  perhaps  fully  as  much  information  as  to  the 
actual  underground  conditions  is  afforded  by  the  dry  holes  as  by  the 
successful  wells. 

WELLS  ENTERING  THE  ROCK. 

The  typical  wells  of  this  area  are  those  which  are  sunk  for  the 
greater  part  of  their  depth  in  the  rock,  but  a  short  list  of  wells  of  the 
drift,  including  those  which  lie  in  unconsolidated  deposits,  generally 
of  glacial  origin,  overlying  the  Triassic  rocks  is  also  given.  Certain 
of  these  wells  are  distinctly  interesting,  as  their  water  supply  seems 
to  depend  not  on  the  arrangement  of  the  deposits  in  which  they  are 
located,  but  on  the  conformation  of  the  surface  of  the  rocks  which  lie 
below. 

WELLS  IN   MASSACHUSETTS. 
NORTHAMPTON. 

No,  1,  Belding  Brothers^  Silk  Company, — This  well  is  in  its  way  the 
most  remarkable  in  the  valley,  as  it  was  carried  to  the  great  depth  of 
3,700  feet  without  striking  water.  Mr.  E.  F.  Crooks,  writing  for  the 
company,  states  that  at  the  "depth  of  150  feet  the  drill  entered  sand- 
stone or  conglomerate  rock  which  did  not  change  at  any  time  down  to 
3,700  feet."  Professor  Emerson  classes  the  rocks  which  underlie 
Northampton  as  Sugarloaf  arkose  and  gives  a  list  of  the  beds  traversed 
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in  drilling  this  well.®  It  seems  probable  that  this  well  was  driven 
through  a  water-bearing  stratum  at  the  point  where  it  enters  the 
rock,  since  a  shallower  well  sunk  by  the  same  company  to  the  rock, 
within  a  few  feet  of  the  former  well,  draws  good  water  from  that 
depth.  This  second  well  will  be  referred  to  again  among  the  wells  of 
the  drift.     The  dry  well  is  8  inches  in  diameter. 

SOUTH   HADLEY    FALLS. 

No,  2,  Smis  Soiiel  Clxih. — At  the  clubhouse  of  this  organization  is  a 
private  well  74  feet  deep  and  6  inches  in  diameter,  entering  the  Long- 
meadow  sandstone  at  a  point  10  or  15  feet  l^elow  the  surface  of  the 
ground.  The  water,  which  is  of  medium  hardness,  supplies  all  needs 
of  the  clubhouse.     The  well  is  pumped. 


No8,  3  and:  4.  American  Writing  Paper  Company  {Alhimi  Paper 
Company  Division). — ^These  two  wells,  which  are  identical  in  detail, 
are  720  feet  deep  and  have  a  diameter  of  8  inches.  The  water  rises 
within  14  feet  of  the  surface,  from  which  point  it  is  pumped.  Each 
well  yields  460  gallons  a  minute  throughout  the  twenty-four  hours  of 
the  day,  the  water  being  slightly  tinged  with  iron  and  not  used  in 
boilers.  The  wells  enter  the  Chicopee  shale  about  50  feet  below  the 
surface. 

No,  6.  Holyoke  Cold- Storage  and  l^ovision  Comjm/ny, — This  well  is 
over  500  feet  deep,  has  a  diameter  of  3i  inches,  and  has  its  bottom  in 
the  Chicopee  shale.  The  water,  which  has  been  analyzed,  can  be  used 
in  boilers,  but  is  employed  mostly  for  refrigerating  purposes.  The 
water  is  pumped  at  the  rate  of  20  to  25  gallons  a  minute. 

No,  6.  Riverside  Paper  Company. — A  well,  concerning  which  no 
data  could  be  obtained,  was  drilled  by  this  company,  but  was  aban- 
doned because  of  the  mineral  matter  contained  in  the  water. 

WILLIMANSETT. 

No,  7,  Hamden  Breioing  Company. — ^^This  well  is  112  feet  deep  and 
has  a  diameter  of  4  inches.  It  is  sunk  partly  in  rock,  which  is  appar- 
ently Chicopee  shale v  The  well  is  pumped  at  the  rate  of  60  barrels  an 
hour — that  is,  about  40  gallons  a  minute — without  lowering  the  level  at 
which  the  water  stands.  The  water  has  been  analyzed  and  is  too  hard 
to  be  used  in  boilers. 

LUDLOW. 

No.  S,  Ludlow  Manufacturing  Company, — This  well  is  150  feet  deep 
and  has  a  diameter  of  8  inches  for  the  first  50  feet,  below  which  it  is 
reduced  to  6  inches.     After  passing  through  6  feet  of  made  land  the 

a  Emerson,  B.  K.,  Geology  of  old  Hampshire  County,  Massachusetts:  Mon.  U.  S.  Geol.  Survey,  vol. 
29, 1898,  pp.  885-888. 
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well  lies  for  the  rest  of  its  depth  in  rock,  which  is  mapped  as  Sugarloaf 
arkose.  The  water  level  is  about  21  feet  below  the  surface,  but,  when 
the  well  is  pumped  at  the  rate  of  20  gallons  a  minute,  the  level  drops 
to  a  point  20  feet  lower.  The  water  is  called  medium  hard,  but  can 
not  be  used  in  boilers. 

CHICOPBE   FALLS. 

No.  9.  Overman  Wheel  Company, — This  well  is  476  feet  deep  and  6 
inches  in  diameter,  the  lower  175  feet  lying  in  the  Chicopee  shales. 
The  well  was  drilled  to  obtain  water  for  drinking  purposes  only  and  it 
supplied  all  the  employees  of  the  big  establishment  abundantly.  It 
was  found,  however,  that  the  water  was  so  full  of  mineral  matter  that 
it  had  a  purgative  effect  on  those  who  drank  it  and  now  its  use  is 
wholly  discontinued.     The  water  has  been  analyzed. 

BRIOHTWOOD. 

No.  10,  Springfield  Rendering  Company, — This  well  was  unfinished 
when  the  locality  was  visited  in  July,  1900.  It  was  drilled  by  Messrs. 
King  &  Mather,  of  Hartford,  who  very  kindly  furnished  the  data  con- 
cerning it  on  the  completion  of  the  work,  a  few  weeks  later.  The  well 
is  200  feet  deep  and  has  a  diameter  of  6  inches.  It  pumps  150  gallons 
a  minute  and  meets  the  demands  made  upon  it — 90,000  gallons  for  a 
working  day  of  ten  hours.  The  water  when  analj^zed  proved  to  be 
sufficiently  pure  for  use  in  boilers.  It  is  sunk  59  feet  through  earth, 
the  remainder  being  in  the  Chicopee  shale. 

Nm,  11  and  12,  Springfield  Provision  Company, — This  company 
has  two  wells,  concerning  which  there  is  some  uncertainty  as  to  depth 
and  diameter.  They  are  only  a  few  hundred  feet  south  of  the  well 
just  mentioned,  and  it  is  a  matter  of  no  small  interest  to  note  the  great 
diflFerence  in  the  character  of  the  water.  Well  No.  11  has  a  depth  of 
160(?)  feet  and  a  diameter  of  6(?)  inches,  and  pumps  150  gallons  a 
minute  without  being  pumped  dry.  No.  12  has  a  depth  of  800(?)  feet 
and  a  diameter  of  6(?)  inches,  pumps  300  gallons  a  minute,  and  has 
never  failed.  Both  wells  enter  the  Chicopee  shale  at  a  depth  of  60 
feet.  The  water  of  these  wells  has  been  analyzed.  It  is  too  hard  for 
boilers,  and  can  not  even  be  used  for  drinking,  because  of  the  mineral 
matter  it  contains. 

SPRINGFIELD. 

No,  IS.  Sprvngfi^dd  Cold  Storage  Company. — This  well  is  325  feet 
deep  and  8  inches  in  diameter,  290  feet  of  its  depth  lying  in  the  Chico- 
pee shale.  The  company  has  also  a  shallower  well,  35  feet  deep,  which 
would  bring  it  down  to  the  surface  of  the  rock.  The  two  wells 
together  yield  30  gallons  a  minute  to  the  pump.  The  water  is  not  fit 
for  boilers,  and  is  used  only  for  condensing  purposes. 

No».  H^  15^  and  16.  Springfield  Brewing  Company, — No.  14  is  100 
feet  deep  and  4  inches  in  diameter.    The  pump  renders  150  gallons  a 
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minute.'  The  analysis  shows  that  the  water  carries  considerable  min- 
eral matter. 

No.  15  is  identical  in  every  respect  with  No.  14. 

No.  16  is  300  feet  deep,  4  inches  in  diameter,  and  yields  only  60 
gallons  a  minute.  The  water  is  poor  in  quality,  and  is  used  onl}^  for 
washing  purposes. 

All  of  these  wells  are  pumped.  The  water  is  not  used  for  boilers 
as  the  city  water,  which  is  very  satisfactory,  is  already  in  use.  Wells 
Nos.  14  and  15  go  only  to  the  rock,  and  are  therefore  to  be  reckoned 
among  the  wells  of  the  drift,  under  which  head  they  will  be  mentioned 
again. 

No.  17.  Morgan  Envelope  Company, — This  well  was  originally  212 
feet  deep  and  flowed  at  the  surface  at  the  rate  of  7  gallons  a  minute. 
It  was  afterwards  sunk  to  325  feet,  but  there  was  no  gain  in  the  sup- 
ply. A  deep- well  pump  was  then  put  in  at  a  depth  of  nearly  200  feet, 
and  a  supply  of  25  gallons  a  minute  is  now  obtained.  The  well  runs 
for  '^60  feet  through  dirt,  clay,  hardpan  with  gravel,"  and  then  for 
''265  feet  in  sandstone  rock."  This  rock  is  apparently  the  Chicopee 
shale.  The  water  has  been  analyzed  and  proves  to  be  a  yery  good 
drinking  water,  though  hard.  In  a  working  day  of  10  hours  from 
5,000  to  6,000  gallons  are  conmionly  used.  The  diameter  of  the  well 
is  6  inches. 

No.  18.  Kihhe  Brothers  Company,  candy  maniifactxiTers. — This  well 
\^  252i  feet  deep,  6  inches  in  diameter,  and  pumps  25  gallons  a  minute — 
the  capacity  of  the  pump.  An  analysis  of  the  water  made  at  Amherst 
College  showed  that  it  contains  only  a  small  amount  of  solid  matter. 
It  is  not  used  for  boilers,  but  is  employed  in  the  making  of  candy  and 
for  drinking  purposes.  The  well  runs  first  through  about  40  feet  of 
clay,  the  balance  being  in  "sandstone" — probably  Chicopee  shale. 

No.  19.  Fiske  Mamifacturing  Company. — The  well  of  this  company 
is  365  feet  deep  and  4  inches  in  diameter.  It  is  pumped,  but  the 
amount  of  water  obtained  is  unknown.  The  water  has  been  analyzed 
and  is  not  used  in  boilers.  About  two-thirds  of  the  well  lies  in  rock, 
probably  the  Chicopee  shale. 

Though  the  map  indicates  that  many  of  the  foregoing  wells  are  sunk 
in  the  Chicopee  shale,  they  nevertheless  lie  very  close  to  its  contact 
with  the  eastern  area  of  Longmeadow  sandstone.^  This  will  per- 
haps account  for  the  *' sandstones"  noted  in  the  original  records 
furnished. 

Nos.  20  and  21.  Highland  Breiving  Company. — These  wells  are  used 
by  the  Highland  branch  of  the  Springfield  Breweries  Company.  No. 
20  is  424  feet  deep,  of  which  about  365  feet  are  in  rock.  Its  diameter 
is  10  inches.  It  pumps  80  gallons  a  minute,  the  water  rising  to  within 
30  feet  of  the  surface. 

a  See  map  accompanying  Profe8M>r  Emerson's  monograph. 
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No.  21  is  200  feet  deep,  of  which  about  160  feet  are  in  rock.  Its 
diameter  is  8  inches.  It  pumps  60  gallons  a  minute,  the  water  rising 
to  within  15  feet  of  the  surface. 

Both  of  these  wells  yield  water  of  excellent  quality,  which  can  be 
U8ed  in  boilers.  The  brewery  stands  upon  the  terraces  lying  east  of 
Connecticut  River  and  in  consequence  is  about  100  feet  above  the 
level  of  the  Springfield  wells  previously  mentioned,  which  are  pretty 
close  to  the  east  bank  of  the  river.  The  rock  underlying  this  por- 
tion of  the  town  is  mapped  by  Professor  Emerson  as  Longmeadow 
sandstone. 

No.  22,  Joseph  E.  Wesscm^  IS  Federal  street.— Thh  well  is  276  feet 
deep  and  6  inches  in  diameter.  No  estimate  could  be  obtained  of  the 
quantity  yielded,  except  that  the  pump  would  "furnish  a  1-inch 
stream  constantly."  ''The  water  is  used  only  for  drinking,  but  is  pro- 
nounced good  for  boilers  by  Professor  Wood,  of  Harvard."  One 
hundred  and  fifty -one  feet  of  the  well  lie  in  rock  which  is  presumably 
Longmeadow  sandstone. 

Professor  Emerson's  monograph^  contains  a  number  of  valuable 
items  concerning  the  water  supply  of  the  Triassic  area.  Notes  relating 
to  several  of  the  wells  mentioned  by  him  are  subjoined. 

OTHEB   WBLLfi  IN  TRIASSIC  AREA   IN   MASSACHUSETTS. 

Xo.  23,  Daniel  Brothers^  paper  mill, — This  mill  is  on  Westfield 
Little  River,  south  of  Westfield.  The  well  was  carried  to  a  depth  of 
1,100  feet,  but  proved  unsuccessful  and  is  now  closed  up.*  The  rock 
at  this  locality  is  Sugarloaf  arkose.  It  is  an  interesting  and  suggestive 
fact,  as  has  been  remarked  before,  that  the  only  wells  in  the  lowland 
which  have  been  carried  to  exceptional  depths,  merely  to  meet  with 
failure,  have  been  sunk  in  this  rock. 

No,  24^  Mount  Holyohe  College^  South  Iladley, — This  well  was  car- 
ried to  a  depth  of  450  feet  in  Longmeadow  sandstone,  the  full  record 
of  the  borings  being  given  by  Professor  Emerson.*^  The  water,  when 
analyzed,  was  found  to  contain  conmaon  salt  in  large  amount. 

No,  26.  Montague  Paper  Company  at  Turners  Falls, — This  well 
was  carried  to  a  depth  of  875  feet  in  Longmeadow  sandstone.  The 
record  of  the  borings  is  given  by  Professor  Emerson.''  The  appended 
analysis  of  a  sample  from  the  well  shows  that  the  water  has  nearly  the 
composition  of  bittern.* 

o  Mon.  U.  8.  Geol.  Survey,  vol.  29. 
*n)ld.,  p.889. 
olbid.,  p.  382. 
•ilbld.,  pp.  380-881. 
«Ibld.,  p.  760. 

IRK  IIU— 05 (5 
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Analysis  of  deep  well  water  ai  TSimers  FaMs,  Mass. 

[C.  A.  Goeesman,  analyst,  1874.] 

Parte  per  million. 

Potassa 6 

Soda 51 

Magnesia 63 

Lime 633 

Chlorine 6 

Sulphuric  acid 996 

Silicon Trace. 

Total 1,755 

Other  wells. — Other  wells  mentioned  are  two  of  the  Parsons  Paper 
Company,  of  Holyoke,  which  reached  depths  of  610  feet  and  686  feet, 
respectively.^ 

WELLS  IN  OONNECnCUT. 
THOKPSONVILLB. 

J^o.  S6.  Connecticut  Valley  Brewing  Company. — ^This  well  is  62  feet 
deep  and  6  inches  in  diameter,  having  40  feet  of  its  depth  in  the  rock. 
The  water  rises  within  7  feet  of  the  top,  a  good  many  feet  above  the 
level  of  the  Connecticut  River,  which  is  only  a  stone's  throw  away. 
The  pump  raises  31  gallons  a  minute,  which  lowers  the  well  8  feet,  but 
no  farther.  The  water  is  moderately  hard,  has  been  used  in  boilers, 
and  keeps  a  uniform  temperature  of  61^  F.  the  year  round. 

No.  1i7.  Isa^ac  AUen.^  Enfield  street. — This  is  a  private  well,  67  feet 
deep  and  6  inches  in  diamater.  It  is  sunk  60  feet  in  rock,  the  last  5 
feet,  it  is  said,  being  in  granite — a  manifest  impossibility.  Mr.  Allen 
states  that  a  spring  of  soft  water  was  struck  at  a  depth  of  about  46 
feet  and  a  spring  of  hard  water  at  the  bottom,  the  mixture  making  an 
excellent  drinking  water.  The  well  furnishes  more  than  double  the 
quantity  of  water  that  can  be  used  in  house  and  barn.  The  water  is 
46  feet  deep  in  wet  weather  and  30  feet  in  dry.  The  temperature  is 
620F. 

BUFFIELD. 

Nos.  S8  amd  £9.  Town  water  mipply  of  Suffield.—Th&s/e^  wells  are 
owned  by  Paulus  Fuller.  No.  28  is  230  feet  deep  and  has  a  diameter 
of  6  inches,  and  No.  29  is  240  feet  deep  and  has  a  diameter  of  8  inches. 
These  two  wells  together  pump  at  the  rate  of  300  gallons  a  minute 
into  a  standpipe  containing  293,000  gallons.  The  water  rises  within 
about  60  feet  of  the  surface  and  is  rather  highly  mineralized.  It  can 
be  used  in  boilers,  however,  but  gives  some  scale.  The  wells  enter 
rock  about  10  feet  below  the  surface  of  the  ground. 

No.  30.  Pahlic  wdl^  Suffield  Village. — The  depth  of  this  well  is  140 
feet  and  its  diameter  is  6  inches.    The  water  stands  about  90  feet  below 

a  Soe  Mon.  U.  8.  Geol.  Bonrey,  vol.  29,  pp.  888-^85,  where  a  lull  record  of  the  borings  is  given. 
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the  surface  and  is  raised  by  a  common  force-pump.     It  is  used  for 
drinking  purposes  only. 

Additiomd  Sujffield  wells, — The  wells  tabulated  below  are  6  inches  in 
diameter  and  are  in  greater  part  in  rock.  The  data  were  furnished  by 
Mr.  C.  L.  Grant,  well  driller. 


Serial 
No. 


owner. 


31 
32 
33 
34 


t>epth  of 


F.  A  Puller 40 

A.  C.  Harmon 46 

Second  Baptist  Church 60 

M.  T.  Newton 63 


Depth  of 
watet. 


34 
39 
47 
49 


Yield 
tnuiQte. 


GaOoru, 

8 

3 

4 

10 


WEST  8DFFIRLD. 

^o.  So.  West  Suffield  Hotel, — This  well  is  78  feet  deep  and  4  inches 
in  diameter,  and  pumps  50  ^Uons  of  moderately  hard  water  a  minute. 
The  water  is  said  to  have  grown  harder  since  the  well  was  sunk. 
About  50  feet  of  the  well  is  in  rock. 

No,  36.  Mrs,  John  D.  Loorais. — Depth,  100  feet;  diameter,  4  inches; 
yield,  4  to  5  gallons  a  minute.  Almost  no  water  was  found  until  a 
depth  of  nearly  95  feet  was  reached. 

TARIFFVILLE. 

No.  37.  A.  B.  Hendryx. — Depth  of  well,  284  feet;  depth  of  water, 
27H  feet;  yield,  48  gallons  a  minute.  Greater  part  of  well  is  in  rock. 
Data  furnished  by  C.  L.  Grant,  well  driller,  of  Hartford. 

BLOOMFIELD. 

No.  38.  Doivglas  cfe  Cowles. — Depth,  100  feet;  diameter,  6  inches. 
Well  flows  at  the  surface.  Greater  part  of  well  is  in  rock.  No  data 
of  yield  given.     Data  furnished  by  Grant. 


No.  39.  Windsor  Witter  Company, — Depth  of  well,  886  feet;  depth 
of  water,  326  feet;  diameter,  6  inches.  The  pump  yields  30  gallons  a 
minute,  which  lowers  the  water  5  feet.  The  series  through  which  the 
well  was  sunk  is  as  follows:  Sand,  17  feet;  clay,  56  feet;  hard  red 
gravel,  60  feet;  the  remainder  in  sandstone  with  the  exception  of  two 
layers  of  slate.  Four  analyses  of  the  water  have  been  made,  accord- 
ing to  which  it  ranges  from  moderately  hard  to  excessively  hard.  It 
would  seem  that  the  water  is  extremely  free  from  organic  impurities, 
but  shows  sulphate  of  lime  to  the  extent  of  590  parts  to  the  million. 
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It  is  extremely  hard  to  the  soap  test.  When  first  dmwn  the  water  is 
said  to  give  off  a  strong  odor  of  sulphur. 

No,  Jfi,  ChristiaTison  Brother%^  Wilson  Station, — Depth,  113  feet; 
diameter,  6  inches;  yield,  50  gallons  a  minute.  The  well  was  drilled 
in  the  bottom  of  an  old  open  well  and  lies  in  the  roc»k.  The  water  is 
good  only  for  drinking  and  garden  use.  It  is  said  that  when  the  well 
was  first  drilled  the  water  had  a  very  strong  odor,  which  disappeared 
after  the  well  had  been  used  a  while.  Data  furnished  by  King  and 
Mather. 

No.  il.  Misses  Cronipton^  Windsor  Heights. — One  hundred  and  forty 
feet  deep,  but  of  small  diameter.  The  water,  which  is  raised  by  a 
pump,  is  of  medium  hardness.  About  500  gallons  per  week  is  the 
ordinary  consumption.     The  bottom  of  the  well  is  in  rock. 

No.  Ji2.  Dr.  n.  J.  Fish.,  Windsor  Heights.— About  135  feet  deep 
and  of  small  diameter.  The  water  is  pumped  and  hardly  supplies  the 
needs  of  the  house  and  barn.  It  is  of  medium  hardness,  much  softer 
than  that  of  the  neighboring  surface  well.  The  well  was  originally  85 
feet  deep,  but  was  always  more  or  less  turbid.  It  was  then  deepened 
and  the  trouble  disappeared.  It  enters  the  rock.  For  analysis  see 
No.  7,  table  on  pages  108-109. 

No.  43.  C.  D.  Reed.—l>^ipth  of  well,  101  feet;  depth  of  water,  89 
feet;  diameter,  6  inches;  yield,  25  gallons  a  minute.  Greater  portion 
lies  in  rock.     Data  furnished  by  Grant. 

HARTFORD. 

No.  44"  Hubert  Fisch^  Brewing  Company. — This  well  is  500  feet 
deep  and  has  a  diameter  of  8  inches.  The  water  rises  to  the  surface  of 
the  engine-room  floor,  and  is  pumped  at  the  rate  of  75  gallons  a  minute. 
There  is  a  difference  of  opinion  as  to  whether  the  water  is  suitable  for 
boilers.  The  well  is  drilled  in  the  Upper  sandstones,  but  unquestion- 
ably pierces  the  Posterior  trap  sheet,  which  outcrops  at  no  great  dis- 
tance to  the  west. 

Nos.  45,  4^,  -^7,  4^^  amd  49.  Hartford  Light  and  Power  Co7nj)any. — 
The  wells  of  this  company  all  lie  in  the  rock.  The  data  were  furnished 
by  Mr.  Grant,  who  drilled  them. 

Data  concerning  weUs  of  Hartford  Light  and  Power  Company. 


Serial  No. 


45 
46 
47 
48 


Depth. 

Yield  per 
minute. 

FM. 

QaUons. 

200 

120 

228 

150 

201 

120 

200 

150 
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The  above  wells  are  all  6  inches  in  diameter.  The  deeper  well 
described  l>elow  has  greatly  diminished  the  supply  of  the  earlier  wells 
enumerated  above.  The  data  concerning  this  fifth  well  (No.  49)  are 
as  follows: 

Depth,  620  feet;  diameter,  12  inches.  The  meter  has  shown  a 
capacity  of  125  gallons  a  minute.  The  well  is  pumped  and  gives  a 
more  copious  supply  of  water  in  rainy  weather  than  in  dry.  The 
water  is  very  hard  from  sulphate  of  lime  and  can  not  be  used  in  boilers, 
but  is  employed  for  condensing.  The  well  lies  in  rock.  These  wells 
are  said  to  have  seriously  depleted  the  supply  of  water  in  the  well  of 
the  neighboring  Plimpton  Company. 

No,  50,  Capewell  Rarsenail  {hmpany, — This  well  was  drilled  by 
Mr.  C.  L.  Grant,  who  furnished  the  following  data:  Depth,  260  feet; 
diameter,  8  inches.  The  well  is  in  rock  and  flows.  Elisha  Gregory, 
a  well  driller  of  New  York  City,  states  in  his  '^Torpedo  Circular" 
that  the  well  was  torpedoed  by  him  at  a  latter  date  and  that  as  a  result 
the  yield  of  the  well  was  increased  from  15  gallons  a  minute  to  35 
gallons.  It  is  reported  that  the  quality  of  the  water  was  injured  by 
the  process.  Inquir}^  at  the  oflBce  of  the  company  shows  that  at  last 
accounts  the  water  was  not  used  for  anything,  so  heavily  is  it  charged 
with  mineral  matter.     For  analysis  see  No.  3,  table  on  pages  108-109. 

No.  51,  Patterns  dyeing  and  Garpet-clea7iing  establishment, — Depth, 
110  feet;  diameter,  6  inches;  yield,  150  gallons  a  minute  (data  furnished 
by  Grant).  The  amount  which  is  ordinarily  pumped  is  about  70  gallons 
a  minute.     The  well  lies  in  the  rock.     The  water  is  unfit  for  boilers. 

No,  52.  Ropkins  cfe  Company^  hx^ery, — Depth,  200  feet;  diameter, 
6  inches;  yield,  60  gallons  a  minute  (data  by  Grant).  The  ordinary 
yield  of  the  well  is  25  gallons  a  minute  and  it  flows  if  left  standing. 
The  water  is  too  hard  for  boilers. 

Nit,  5S,  Nf^c  England  Brewing  Cmnpany, — Depth,  462  feet;  diam- 
eter, 10  inches.  The  ordinary  yield  to  the  pump  is  350  gallons  a  min- 
ute, but  400  gallons  a  minute  have  been  pumped  without  making  any 
apparent  impression  on  the  well.     The  water  is  too  hard  for  Iwilers. 

No.  51^.  Oolumhia  Breioiiig  Company — This  was  formerly  the  Her- 
old  Capitol  Brewing  Company.  Depth,  300  feet;  diameter,  6  inches; 
yield,  250  gallons  a  minute  (data  by  Grant).  The  amount  of  water 
pumped  for  common  use  is  about  80  to  90  gallons  a  minute.  The 
water  is  too  hard  for  boilers. 

No,  55,  Armour  i&  Company, — Depth  below  grade,  436  feet;  actual 
depth  below  floor  of  basement,  420  feet;  diameter,  6  inches.  The 
water  flows  about  1  inch  over  the  top  of  the  pipe  when  allowed  to 
stand,  which  brings  the  water  level  above  the  surface  of  a  large  part 
of  the  neighboring  land.  The  ordinaiy  yield  is  about  150  gallons  a 
minute  throughout  the  twenty-four  hours,  but  a  much  larger  yield 
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could  ho  obtaineil  if  desired.     \t  the  time  these  data  were  obtained  no 
report  had  been  received  on  the  sample  of  water  sent  for  analysis. 

JVo.  56.  Long  Brothers  A/>^^.— Depth,  2(M)  feet,  of  which  186  feet 
are  in  the  rock.  Diameter  of  the  portion  which  is  in  the  rock,  6  inches. 
The  well  is  pumped  and  yields  a  maximum  supply  of  35  gallons  a  min- 
ute. The  water  is  too  hard  for  boilers  or  for  laundry  work,  but  it  is 
claimed  that  its  quality  is  steadily  improving. 

No.  57.  Brady  Brothers,  bottlers.— Depths  277  feet,  of  which  244 
feet  lie  in  the  rock.  Diameter,  6  (?)  inches.  The  well  will  yield  25 
gallons  a  minute,  but  the  amount  usually  pumped  is  9  gallons  a  min- 
ute. The  water  has  never  l>een  tried  in  boilers,  but  is  used  for  mak- 
ing all  kinds  of  soft  drinks.  At  times  it  becomes  clouded,  but  in  a 
few  days  it  clears  again. 

The  above  data  were  obtained  from  Brady  Brothers. 

No.  58.  Brady  Brothers. — Mr.  Grant  reports  the  following  data 
concerning  a  well  drilled  for  Bi-ady  Brothers,  which  is  probably 
another  than  the  one  just  described:  Depth,  159  feet;  diameter,  6 
inches;  yield,  29  gallons  a  minute. 

No  59.  "Allyn  Bbust.'^—Depth^  318  feet,  of  which  288  feet  are  in 
rock.  Diameter,  4^  inches;  yield,  60  gallons  a  minate.  The  ordinary 
consumption  for  eighteen  houi's  is  30,000  gallons.  The  water,  which 
has  been  analyzed,  is  too  hard  for  boilers,  but  has  improved  in  quality 
with  time 

No.  60.  W.  C.  Wade^  comer  State  and  Frmit  streets. — Depth,  125 
feet,  of  which  113  feet  are  in  rock.  The  maximum  yield  is  200  gal- 
lons a  minute,  though  only  50  gallons  a  minute  are  in  common  use, 
chiefly  for  refrigerating  purposes.  The  water,  which  rises  to  within 
13  feet  of  the  surface,  is  a  little  too  hard  for  boilers.  Its  stunmer 
temperature  is  54^  F. 

No.  61.  W.  a  Wade.,  ''Public  Marlr£t.''—Ur.  Grant  sends  data  of 
a  well  drilled  for  Mr.  Wade  at  the  "Public  Market,"  about  one-third 
of  a  mile  from  the  well  above  mentioned,  as  follows:  Depth,  225  feet; 
depth  of  water,  183  feet;  yield,  28  gallons  a  minute. 

No.  62.  Keiiey  iW*.— Depth,  200  feet;  diameter,  6  inches.  The 
well  flows,  but  the  yield  was  not  given.     Data  by  Grant. 

No.  63.  Kmey  Par*.— Depth  of  well,  170  feet;  depth  of  water,  138 
feet;  yield,  5  gallons  a  minute.     Data  by  Grant. 

Other  wells  in  Hartford. — The  following  list  of  wells  in  Hartford 
was  obtained  from  Mr.  Grant.  The  wells  are  all  6  inches  in  diameter 
and  have  the  greater  part  of  their  depth  in  rock. 
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Additional  vyUs  in  Hartford, 


Serial  ' 
No. 

64 

66 
67 
68 
69 

Owner. 

Depth  Of 
well. 

Depth  to 
water. 

Feet. 
Ill 
87 
48 
56 
40 
37 
40 
97 
37 
12 
Flows. 
130 
30 
36 
29 
35 
40 
39 
27 
18 
16 
34 
39 
24 
30 
38 
86 
25 
40 
47 
50 
111 
215 
230 

Yield  per 
miitut 

F.  C.  Rockwell 

FeeL 

115 

110 

57 

67 

60 

37 

62 

100 

37 

24 

74 

155 

60 

63 

49 

110 

50 

50 

48 

35 

28 

50 

50 

37 

60 

50 

136 

50 

70 

65 

75 

140 

240 

246 

OalUms, 
60 

E.  C.  McCune 

18 

Frank  S.  Tarbox 

5 

do 

3 

T.C.Moore 

3 

G.  E.  Hubbard 

8 

70 

do 

12 

71 

St.  Mary's  Home 

15 

72 

Walter  S.  Mather 

3 

73 

J.  Dart<&  8on 

3 

74 

do 

22 

75 

Hotopp  &  CarlflBon 

10 

76 

Wm.  CBrien 

11 

77 

Addison  &  Impey 

5 

78 

Johnson  &  Weeks 

10 

79 

Wm.  Bogers 

5 

80 

Peter  Peterson '.. 

8 

81 

82 
83 

84 

A.  Hepbom 

5 

C.  L.  Bailey 

12 

H.J.  Abbey 

3 

Andrew  Nason 

4 

85 

B.  L.  Chappell 

4 

86 

G.  E.  Hard 

4 

87 

M.  H.  Ericksen 

10 

88 

O.  W.  Crane 

2 

89 
90 

C.  A.  Green 

3 

J.  C.  Parsons 

1 

91 

0.  Bengston 

10 

92 

F.  H.  Seymour 

8 

93 

G.  J.  Maher , 

11 

94 

A.  M.  Weber 

5 

95 

D.  F.  Keenan 

10 

96 

The  "T.inH«n»» 

45 

97 

Hartford  Woven  Wire  Mattress  Co 

10 

WKST   HARTFORJ). 

No.  98.  n.  O.  Griinjoold. — Depth,  152  feet;  diameter,  6  inches.  The 
water  has  been  analyzed,  and  contains  three  times  as  much  lime  as  is 
desirable  in  drinking  water.     In  consequence  it  is  very  hard  and  is 
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used  very  little.  The  ordinary  depth  of  the  water  is  137  feet,  but  it 
has  been  lowered  by  pumping  to  within  40  feet  of  the  bottom.  The 
well  runs  through  loam  and  hardpan  for  10  feet,  the  balance  being  in 
rock. 

Other  wdls  in  West  Hartford. — The  following  supplementary  list  is 
furnished  by  Mr.  Grant.  All  the  wells  are  6  inches  in  diameter, 
except  No.  101,  which  is  4  inches. 

AddUional  wells  in  West  Hartford. 


Serial 
No. 


Owner. 


Depth  of 
well. 

Depth  to 
water. 

FeeL 

Fdtt. 

40 

18 

110 

95 

135 

115 

53 

44 

30 

15 

62 

18 

41 

25 

52 

39 

206 

160 

101 

87 

Yield  per 
minute. 


99 
100 
101 
102 
103 
104 
105 
106 
107 
108 


Paul  Thomson 

James  Thomson . . 
E.  C.  Wheaton... 
Mrs.  K.  Gallagher 
G.  V.  Brickley  . . . 

W.  E.  Howe 

H.  C.  Long 

L.  N.  Burt 

P.  H.Reilly 

D.  F.  Oozere 


OaUoTis. 
12 
35 
34 

2J 
12 

2 
12 

4 
42 
32 


Well  No.  107,  which  is  in  the  trap,  lies  on  the  ridge  south  of  the 
village  of  West  Hartford.  The  tmp  belongs  to  the  Posterior  sheet, 
and  is  comparatively  thin.  The  thickness  of  the  trap  at  this  point  has 
not  been  determined,  but  at  least  two-thirds,  and  possibly  three- 
fourths,  of  the  depth  of  the  well  must  be  in  the  Posterior  shales  which 
underlie  the  sheet.  On  comparing  this  depth  with  the  depth  of  water 
in  the  well,  it  will  be  readily  seen  that  it  is  very  probable  that  the 
water  does  not  come  from  the  trap  at  all,  but  from  the  underlying 
shale.  In  consequence  the  well  can  not  with  propriety  be  classed  as  a 
well  of  the  trap. 

BURNSIDE. 

M).  109.  East  Ha/rtford  Manufacturing  Company. — Depth  of  well, 
398  feet;  diameter,  6  inches.  No  estimate  of  the  yield  in  gallons  could 
be  obtained,  but  the  well  is  said  to  flow  constantly  1  inch  deep  over 
the  top  of  a  10-inch  pipe.  If  this  statement  is  correct,  this  is  the 
largest  flowing  well  in  the  lowland.  The  water  has  been  analyzed  by 
Springfield  chemists  and  found  to  carry  considerable  mineral  matter, 
and  is  too  hard  for  boilers.    The  well  is  entirely  in  rock. 

No.  110.  J.  H.  Walker^  paper  mill. — The  water  of  the  well  is  excel- 
lent for  drinking,  but  hard.  Measurement  showed  the  well  to  be 
pumping  8  to  10  gallons  a  minute.    As  it  is  separated  from  the  last- 
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mentioned  well  only  by  the  breadth  of  the  Hockanum  River,  the  rock 
conditions  are  probably  the  same  as  in  that  well. 

BOUTH  If  ANCH ESTER. 

M.  S.  Chapman. — These  are  four  private  wells,  each  6  inches  in 
diameter,  used,  as  I  understand,  to  supply  fish  ponds.  Their  depths 
and  the  amounts  of  water  they  yield  are  shown  below: 

Wells  of  M.  S.  Chapman. 


Serial 

No.    I 


Depth. 


Yield  per 
minute. 


/Vrt. 

OaOoriM. 

Ill 

225 

30  to  40 

112 

125 

10  to  12 

113 

75 

2J 

114 

75 

None. 

The  wells  enter  the  rock  at  a  depth  of  20  feet,  and  the  first  three 
flow  at  the  surface  of  the  ground.  The  water  is  of  good  quality  and, 
it  is  said,  can  be  used  for  any  purpose,  although  it  is  distinctly  hard 
by  the  softp  test. 

^o,  115,  Cheney  Brothers^  silk  manufacturers. — This  is  one  of  the 
most  remarkable  wells  in  the  lowland,  and  the  data  concerning  it  have 
been  carefully  pi-eserved.  The  well  is  457  feet  deep,  and  its  diameter 
is  8  inches  for  the  first  383  feet,  below  which  it  is  only  6  inches.  The 
well  flows  at  the  surface  at  the  rate  of  250  gallons  a  minute,  while  the 
experiment  of  pumping  650  gallons  a  minute  for  ten  consecutive 
minutes  lowered  the  water  level  only  10  or  12  feet  below  the  surface. 
The  water  is  unfortunately  very  hard,  but  the  well  is  used  to  its  full 
capacity  in  washing  colored  silks,  the  water  of  the  well  remaining  at 
the  proper  temperature  summer  and  winter.  Below  the  first  12  feet 
the  entire  well  is  in  red  sandstone.  For  analysis  see  No.  6,  table  on 
pages  108-109. 

NORTH   MANCHESTER. 

No.  116.  F.  J.  Sharp.— D^ipth  of  well,  100  feet;  depth  of  water, 
99  feet;  diameter,  6  inches;  yield,  10  gallons  a  minute.  The  water 
has  been  analyzed  and  proves  to  be  very  hai-d.  Eighty -one  feet  of 
the  well  lie  in  red  sandstone. 

No.  117.  America/n  Writing  Paper  Company  (Oakland  Paper  Com- 
pany division). — Depth,  300  feet;  diameter,  4(?)  inches.  The  water 
flows  over  the  top  of  the  pipe  at  a  rate  of  probably  10  to  12  gallons  a 
minute.  The  water  is  hard  and  is  used  for  drinking  pui'poses  only. 
Hie  well  lies  entirely  in  the  rock,  which,  m  the  stream  near  by,  is  seen 
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to  be  rather  loose  in  texture  and  to  be  filled  with  fragments  of  thd 
crystalline  focka  of  the  neighboring  eastern  upland. 

The  wells  east  of  Hartford  along  the  Valley  of  Hockanum  River, 
comprising  Nos.  109  to  117,  inclusive,  all  flow  at  the  surface  of  the 
ground,  except  No.  114,  which  is  dry,  and  No.  116,  which  rises  to 
within  1  foot  of  the  surface.  In  general  the  yield  of  these  wells  is 
exceptionally  large,  but  the  water  is  uniformly  hard. 


WBTHERSPIELD. 


The  following  data  were  kindly  furnished  by  Mr.  Grant  concerning 
wells  at  this  place. 

WelU  in  Welhersfidd, 


Serial 
No. 

Owner. 

Depth  of 
well. 

Depth  to 
water. 

Yield  per 
minute. 

118 

J.H.Rabbett 

FteL 
30 
70 
192 

Feet. 
28 
40 
85 

QoJOoM, 
8 

119 

Rev.  Lynch 

35 

120 

C.I.Allen 

15 

No.  120  is  in  trap  rock.     All  are  6  inches  in  diameter. 


ROCKY  HILL. 


No.  122.  W.  K  Pratt.— This  well  is  located  in  the  thin  posterior 
sheet  of  trap.  It  was  drilled  in  the  bottom  of  an  old  open  well,  20 
feet  deep,  which  entered  the  rock  for  a  distance  of  6  feet.  From  this 
point  the  well  was  drilled  30  feet  through  trap  when  it  broke  into 
the  underlying  sedimentaries,  which  it  pierced  to  the  depth  of  li  feet. 
This  well  therefore  gives  a  section  of  14  feet  of  soil,  36  feet  of  trap, 
and  li  feet  of  sedimentary  rock — a  total  depth  of  51i  feet.  This 
brings  the  bottom  of  the  well  about  50  feet  above  the  surface  of  Con- 
necticut River,  which  flows  by  it  only  a  few  hundred  feet  eastward. 
The  diameter  of  the  well  is  6  inches  and  the  maximum  amount  of  water 
obtainable  is  a  little  less  than  1  gallon  a  minute.  The  well  pumps  dry 
in  thirty  minutes.  The  water  is  fair  for  drinking,  but  is  excessively 
hard. 

M.  123.  J.  K.  Green.— D^^Xh  of  well,  26  feet;  depth  of  water,  25 
feet;  diameter,  6  inches;  yield,  not  given.  The  well  is  in  trap  rock. 
Data  by  Grant. 

KENSINGTON,  BERLIN   JUNCTION. 

No.  12J^.  Neip  York.,  Nmo  TTaven  and  Ilartfm'd  Rail/road  power 
house. — Depth,  300  feet;  diameter,  6  inches;  yield,  120  gallons  a 
minute.  Data  by  Grant.  Water  is  raised  by  a  common  pump.  It  is 
permantly  hard  and  unfit  for  boilers. 
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Wett^  at  Berlin  and  Berlhi  Junction, — The  following  list  of  wells  at 
Berlin  and  Berlin  Junction  was  furnished  by  Mr.  (irant.  All  are  6 
inches  in  diameter. 

Addilional  weUs  at  Berlin  and  Berlin  Junction, 


^ ,                      «*»«'• 

Depth  of 
well. 

Depth  to 
water. 

Yield  per 
minute. 

125  1  Berlin  Brick  Co 

60 
70 

100 
71 

200 

49 
62 
81 
40 
130 

Oalkma. 

136   do 

127     Yale  Brick  Co 

10 

128     F.L.  Wilcox 

129     J.  B.  Smith 

6 

NEW   BRFTAIN. 

No.  LiO.  Hotel  Rus8wi7u — ^The  depth  of  the  well  is  152  feet,  and  the 
depth  of  the  water  at  the  lowest  130  feet,  but  if  the  well  is  allowed  to 
stand  the  water  flows  at  the  level  of  the  engine-room  floor,  which  is  10 
feet  below  grade.  The  ordinary  consumption  is  fully  10,000  gallons  a 
day.  The  water  is  very  pure  and  can  be  used  for  all  purposes.  Cer- 
tain features  of  this  well  which  have  a  distinct  bearing  on  the  theory 
of  underground  flow  will  be  considered  in  connection  with  the  discus- 
sion of  that  subject. 

Other  wells. — The  following  list  is  from  Mr.  Grant: 
Additional  wells  at  New  Britain. 


Serial. 
No. 


131 
132 
133 
134 
135 
136 
137 


Owner. 


Dennis  &  Co  . . 
A.  J.  Sloper . . . 
A.  B.  Johnson. 
W.  E.  Bradley. 

J.  P.  Curtis 

William  Derby 
F.  B.  Wischek. 


Depth  of 
well. 

Depth  to 
water. 

Feet. 

Feet. 

195 

70 

60 

40 

22 

250 

237 

50 

31 

50 

38 

Yield  per 
minute. 


OaUoTis. 

40 

45 

12 

4 

12 
6 
6 


No«.  132  and  134  are  sunk  in  the  trap  of  the  Posterior  sheet  and 
may  lie  entirely  in  volcanic  rock.  All  the  wells  are  6  inches  in 
diameter. 

CBOMWBLL. 

NoM.  138  a/nd  139.  New  England  Brownstone  quai*ry. — The  wells 
are  63  feet  and  132  feet  deep,  respectively.  The  water,  which  was 
nused  with  a  pump,  was  thoroughly  tried  in  the  boilers  and  was  found 
totally  unfit  for  the  purpose. 
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MIDDLETOWN. 


No,  HO.  Goodyear  Rvbher  Company, — The  well,  which  is  384  feet 
deep  and  6  inches  in  dianieter,  pumps  about  40,(K)0  gallons  in  twenty- 
four  hours,  or  nearly  30  gallons  a  minute.  The  water  is  called  good, 
but  has  not  been  tried  in  the  lx)ilers  on  the  ground  that  it  would 
probably  prove  too  hard.  It  is  reported  that  the  well  flows  at  the 
surface.  For  analysis  of  water  from  a  Middletown  well,  see  No.  9, 
table  on  pages  108-109. 

MERIDBN. 

Nos,  H^l-lIfB,  Edward  MUJ^  ck  Co. — There  are  on  the  premises 
of  this  company  five  artesian  wells,  all  8  inches  in  diameter,  rang- 
ing from  260  to  300  feet  deep,  and  bored  into  red  sandstone  rock, 
which  at  this  place  lies  from  6  to  10  feet  below  the  surface  of  the 
ground.  The  output  of  these  wells  was  measured  when  they  were 
first  bored  and  varied  in  the  diflferent  wells  from  10  to  80  gallons  per 
minute.  The  supply  thus  measured  was  obtained  b}^  means  of  an  ordi- 
nary suction  pump,  which,  operated  at  the  rate  named,  lowered  the 
water  about  25  feet  below  the  surface — as  low  as  it  could  be  pumped 
with  that  form  of  apparatus.  A  few  years  ago  the  Pohle  air  system 
was  installed  for  raising  the  water  from  the  wells.  This  system  works 
by  compressed  air  and  forces  the  water  from  depths  of  70  to  90  feet. 
With  this  apparatus  a  very  greatly  increased  output  was  obtained, 
which  now  supplies  all  the  needs  of  the  company.  The  water  from 
these  wells  is  all  discharged  into  one  large  system,  from  which  it  is  cir- 
culated through  the  factory.  It  is  not  easy  to  determine  exactly  the 
amount  of  water  used,  but  by  estimate  it  is  between  75,000  and  100,000 
gallons  a  day  of  ten  hours.  There  is  no  doubt  a  much  larger  quantity 
than  this  could  be  obtained  if  needed.  The  water  is  satisfactory  for 
all  manufacturing  purpases  except  for  making  steam,  for  it  holds 
considerable  mineral  matter  in  solution  and  is  rather  hard  for  use  in 
boilers. 

JVo.  I^jG.  Fo%tei\  Merriwm  ik  «>.— The  well  is  300  feet  deep,  200 
feet  of  which  are  in  rock.  The  well  flows  at  the  surface  if  allowed 
to  stand,  and  pumps,  at  the  maximum,  10,000  gallons  an  hour — about 
170  gallons  a  minute.  The  water  is  too  hard  for  boilers  and  contains 
a  certain  amount  of  sand.  The  outer  pipe  is  8  inches  in  diameter  and 
the  inner  6  inches. 

No.  H7.  International  Silver  Company^  Factory  "^"  (Meriden 
Britannia  Company). — Depth  of  well,  560  feet;  depth  of  water  when 
the  well  is  not  pumped,  555  feet;  diameter,  6  inches.  No  data  of 
yield  could  be  obtained.  The  water  is  very  hard  and  wholly  unfit  for 
boilers.  The  section  traversed  in  drilling  is  as  follows:  Soil,  9  feet; 
gravel,  18  inches;  quicksand,  90  feet;  balance  mostly  rock. 
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Xff,  H8,  Meriden  Curtain  Fixture  Company. — Depth,  305  feet; 
diameter,  6  inche.**.  The  amount  of  water  in  common  use  for  a  working 
da}'  of  10  hours  is  15,000  gallons,  or  about  25  gallons  a  minute.  The 
water  is  suitable  for  use  in  boilers.  About  255  feet  of  the  well  are  id 
roi'k. 

WBLLS   AT  OTHER   PLACB8   IN    NEW  HAVEN   COUNTY,  CONN. 

The  following  data,  which  have  been  put  in  tabular  form,  were 
received  from  Mr.  Grant: 

Additional  weli^  of  Connecticut  Valley. 


Serial 
No. 


Town. 


Owner. 


149  Yalesville G.  I.  Mix  &Co 

150  J.  H.  Yale 

151  '  I  C.W.  Michaels 

152  I  We«t  Cheshire i  Cheshire  Manufacturing  C-o. 


153 
154  I 
155, 

156  , 

157  I 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 


Mount  Carmel . 


Quinnipiao  .. 
North  Haven 


Whitneyville 


Chas.  Wheeler  . . . 
Sylvester  Peck  . . . 
H.D.Clark...... 

C.  T.  Stevens 

F.L.  Stiles 

I.  L.  Stiles  &  Son. 

H.  P.Smith 

N.  W.  Hine 

H.  Stadtmiller... 

J.  H.  Burton 

W.  F.  Downer  . . . 
W.  F.  Downer  . . . 

Edward  Davis 

Edward  Davis 

G.  W.  Ives 

Mr.  Brock 

Mr.  Johnson 

W.Mansfield 


Depth  of 
well. 


Feet. 

100 

67 

90 

150 

50 

36 

60 

40 

83 

102 

116 

125 

85 

50 

67 

50 

56 

13 

65 

50 

58 

48 


Depth  to 
water. 


Feet. 


22 
72 


17 
21 

Flows. 

Flows. 


100 
115 
58 
40 
40 
42 
47 
11 
52 
35 
33 
37 


Yield  per 
minute. 


Gallons, 

40 

3 


100 
6 
5 

22 

4 

35 

30 

18 

16 

5 

22 

5 

7 

11 

20 

8 

24 

25 


The«e  wells  are  all  6  inches  in  diameter,  and  probably  all  of  them 
enter  rock,  except,  possibly,  No.  166. 


NEW   HAVEN. 


J^o.  171.  Iloyt  Beef  and  Produce  6^<9/?yt;any.— Depth,  600  feet,  of 
which  200  feet  only  are  in  roc^k;  diameter,  6  inches.  The  well  flows 
at  the  rate  of  3  gallons  a  minute,  yielding  water  of  very  good  quality 
which  has  not  been  analyzed. 
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No.  172,  LiiiH^ne  Automatic  Machine  Company, — Depth,  95  feet; 
diameter,  G  inches;  yield,  12  to  15  gallons  a  minute.  The  data  con- 
cerning the  qualitj'  of  the  water  seem  to  be  favorable  in  a  general 
way.  The  well  passes  through  5^  feet  of  quicksand  and  42  feet  of  red 
$mndstone. 

No,  17S,  Net/)  England  Dairy  Company, — Depth  about  160  feet; 
diameter  of  outside  pipe  6  inches,  and  of  inside  pipe  4  inches;  yield, 
20  gallons  a  minute.  About  95  feet  of  the  well  are  in  rock.  The 
water  can  be  used  in  boilers.  For  analysis  see  No.  12,  table  on  pages 
108-109. 


OTHER   WBLL8  NEAR  NEW   HAVEN. 


The  following  data  from  New  Hnven  and  other  towns  of  the  lower 
valley  are  from  Mr.  Grant: 

Additional  wells  at  New  Haven^  Northfordt  and  Montowese. 


Serial 
No. 

Town. 

Owner. 

Depth  of 
well. 

Depth  to 
water. 

Yield  per 
minute. 

174 

New  Haven 

Northford 

G.  W.  Ives  &  Son 

Fed. 

50 
200 
160 

75 
245 

50 

36 

Fed. 
Flows. 

40 

134 

Flows. 

32 

OaUom. 

175 

do 

10 

176 
177 

Seamless  Rubber  Co 

H.  H.  Olds  &  Co 

10 
5 

178 

N.  W.  Capin 

40 

179 

L.  A.  Smith 

180 

Montowese 

J.  F.  Barnes  &  Co 

7 

AU  are  6  inches  in  diameter. 


FAIB  HAVEN. 


No.  181,  J,  R,  King, — Depth,  203  feet;  diameter,  6  inches.  When 
pumped  at  the  rate  of  40  gallons  a  minute  the  water  level  did  not  fall 
at  all.  The  well  is  entirely  in  rock,  and  no  water  was  found  until  after 
a  depth  of  100  feet  was  reached.  The  water  gave  no  scale  when  used 
in  boilers.  Data  are  from  R.  A.  Mather,  of  King  &  Mather,  well 
drillers. 

WELLS   STOPPING   AT   SURFACE  OF   ROCK. 

Another  group  of  wells  of  an  entirely  different  nature  from  those  of 
the  previous  list  comprises  the  deep  wells  of  the  drift,  which  were 
sunk  to  the  top  of  the  rock  and  stopped  at  that  point.  Data  concern* 
ing  a  few  of  these  are  given  on  the  following  pages. 
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WELLS  IN  MASSACHUSETTS. 
NOBTHAMPraN. 


No,  182,  Bddmg  Brother^  Silk  Compa/ny. — ^This  well  is  a  close 
neighbor  of  the  famous  dry  well,  No.  1,  of  this  paper.  It  passes  at  a 
considerable  depth  through  a  dense  layer  of  some  sort  and  then  con- 
tinues through  gravel  to  the  rock,  which  is  here  150  feet  below  the 
surface.  The  yield  of  20  gallons  a  minute  does  not  materially  affect 
the  water  level,  which  is  about  20  feet  below  the  surface  of  the  ground. 
The  water,  which  has  not  been  analyzed,  can  be  used  in  boilers,  but  is 
principally  employed  in  dyeing.    The  diameter  of  the  well  is  12  inches. 

SFBINOFIELD. 

If  OS.  H  and  16.  SpHngfidd  Breweries  Compcmy. — These  wells  and 
the  rock  well  belonging  to  the  same  company  have  been  mentioned  on 
an  earlier  page  of  this  paper,  under  the  numbers  here  given,  and  do 
not  need  further  description.  It  is  interesting,  however,  to  note  that 
the  quality  and  quantity  of  the  water  changes  as  soon  as  the  rock  is 
entered. 

No.  183.  Phelps  Publishing  Company. — Depth,  78  feet;  diameter, 
2i  inches;  yield,  10  gallons  a  minute.  The  water  is  too  hard  for 
boilers  but  is  excellent  as  drinking  water.  This  well,  which  stops  at 
the  rock,  is  pumped. 

No.  I8I1..  CooLey^s  Rotd. — ^This  is  a  driven  well,  86  feet  deep  and  2i 
inches  in  diameter,  that  yields  over  20  gallons  of  water  a  minute.  The 
water  is  soft  and  could  probably  be  used  for  boilers.  The  well  runs 
to  the  surface  of  the  rock,  at  which  point  the  water  is  obtained. 

WELLS  IN   CONNECTICUT. 


Nos.  186^  186,  187,  188,  and  189.  Bradley  <&  Hvbhard  Manufactur' 
ing  Compam/y. — In  1890,  five  wells,  each  8  inches  in  diameter,  were 
driven  to  the  rock  by  this  company,  reaching  the  following  depths: 
No.  1,  203  feet;  No.  2,  208  feet;  No.  8,  256  feet;  No.  4,  327  feet;  No. 
5,  281  feet.  Only  Nos.  1,  2,  and  3  are  used,  as  Nos.  4  and  5  did  not 
produce  water  enough  to  pay  for  connecting.  No  estimate  of  the 
amount  of  water  obtained  from  Nos.  1,  2,  and  3,  separately,  can  be 
^ven;  but  the  three  wells  together  furnish  about  6,000  gallons  an  hour. 
None  of  the  wells  flow.  The  water  is  of  fair  quality,  but  is  rather 
hard  for  use  in  boilers. 

These  five  wells,  all  over  200  feet  deep,  run  to  the  rock  only. 
Besides  their  interest  from  the  standpoint  of  the  water  supply,  they 
give  some  very  interesting  suggestions  concerning  the  dei)th  of  the 
unconsolidated  deposits  at  this  point,  and  they  hint  at  the  pres^qcQ  of 
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a  very  deep  depression  in  the  underlying  sedimentary  rocks  along  the 
general  line  of  the  great  fault  which  separates  the  Hanging  Hills  on 
the  west  from  Lamentation  Mountain  on  the  east. 

It  should  be  noted  that  in  this  paper  no  account  is  given  of  those 
wells  which  lie  wholly  in  the  unconsolidated  deposits  of  the  area  and 
which  do  not  come  into  relation  with  the  rock  at  all.  There  are  many 
of  these  wells,  and  they  seem  to  be  especially  in  favor  in  the  region 
lying  between  Springfield  and  Holyoke  and  along  the  Chicopee  River. 
They  present  innumerable  local  problems  of  a  diverse  and  often  com- 
plicated nature,  and  any  results  which  might  be  obtained  from  their 
study  would  be  of  relatively  little  economic  importance. 
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TRIASSIC  ROCKS  OF  THE  CONNECTICUT  VALLEY  AS 
A  SOURCE  OF  WATER  SUPPLY. 


By  M.  L.  Fuller.  « 


rNTROI>UCTION. 

In  the  foregoing  paper  of  Mr.  W.  H.  C.  Pynchon  detailed  descrip- 
tions hare  been  given  of  a  large  number  of  wells  of  the  Triassic  area 
of  Massachusetts  and  Connecticut,  together  with  a  considerable  amount 
of  data  relating  to  the  quantity  and  quality  of  the  water  supplies  which 
are  obtained.  Many  facts  bearing  upon  the  occurrence  of  the  waters 
have  been  presented  and  certain  deductions  that  are  of  local  applica- 
tion have  been  made. 

The  purpose  of  this  paper  is  to  supplement  the  foregoing  by  a  gen- 
eral summary  of  the  water  conditions  in  their  broader  relations  and  to 
point  out  the  significant  features  of  the  water  supply  of  the  region. 
The  effort  has  been  made  to  describe  these  features  as  concisely  as 
possible  rather  than  to  present  elaborate  discussions. 

In  addition  to  the  conclusions  presented,  a  few  notes  on  points  of 
special  interest  to  the  driller  have  been  appended. 

UNBERGROUNB  WATER  CONDITIONS  IN  THE  AREA. 

SOURCES  OP  WATER. 

CONGLOMKRATES. 

Near  the  edge  of  the  area,  where  the  Triassic  beds  are  in  contact 
with  the  adjacent  crystalline  rocks,  both  on  the  eastern  and  western 
sides,  there  are  somewhat  marked  bands  of  conglomerates  which  were 
deposited  along  the  shores  of  the  Triassic  sea  that  occupied  the  basin. 

aThe  de«criptiYe  portions  relating?  to  wells  are  based  on  the  field  observations  of  Mr.  W.  H.  C. 
PTneboD  and  are  compiled  from  notes  furnished  by  him.  The  present  writer  alone,  however,  is 
reepoiudble  for  the  interpretations  of  the  various  features  and  for  the  views  expressed  in  regard  to 
the  nature,  condition,  and  prospects  of  the  water  supplies  in  the  Triassic  area. 
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The  pebbles  of  the  conglomerate  were  derived  from  the  adjacent  crys- 
talline rocks,  and  some  of  them  are  of  large  size.  The  matrix  is  of 
various  degrees  of  fineness,  ranging  from  coaree  sand  to  clay.  In 
Massachusetts  the  conglomerate  on  the  west  side  of  the  Triassic  area 
is  known  as  the  Sugarloaf  arkose  and  on  the  east  side  in  part  as  the 
Sugarloaf  arkose  and  in  part  as  the  Mount  Toby  conglomerate,  the 
latter  occurring  in  a  narrow  belt  between  the  Sugarloaf  arkose  and 
the  crystalline  border  in  the  southern  part  of  the  State.  The  same 
bands  extend  into  Connecticut  and  possibly  continue  throughout  the 
entire  southern  part  of  the  area,  but  they  have  not  yet  been  diflferen- 
tiated  in  that  region. 

The  conglomerates  of  the  western  border  would  at  first  sight  seem 
to  oflfer  greater  possibilities  for  the  storage  of  artesian  waters  than 
any  other  rocks  in  the  valley.  They  present  their  upturned  edges  to 
the  waters  that  pour  down  from  the  western  upland  and  are  compara- 
tively undisturbed  by  fracture  and  displacement,  but  because  of  their 
situation,  outsidp  of  the  immediate  Connecticut  Vallej'^,  where  the 
principal  towns  are  located,  very  few  deep  wells  have  been  sunk  in 
them,  and  it  is  therefore  impossible  to  say  whether  actual  results 
would  agree  with  the  assumed  conditions.  The  few  deep  wells  near 
the  western  border  of  which  records  are  at  hand  do  not  reach  the 
average  depth  of  those  of  the  central  portion  of  the  valley,  and  the 
fact  that  these  few  wells  obtain  only  very  moderate  supplies  is  there- 
fore inconclusive.  Farther  away  from  the  border,  as  at  Northampton, 
a  well  was  sunk  to  a  depth  of  3,700  feet  through  rocks  clashed  by 
Professor  Emerson  as  Sugarloaf  arkose  without  encountering  water. 
Again,  near  Westfield,  a  well  was  sunk  at  Daniel  Brothers'  paper  mill 
to  a  depth  of  1,100  feet  in  the  Sugarloaf  arkose,  likewise  without 
success.  In  fact,  so  far  as  is  known,  nearly  all  wells  that  have 
reached  great  depths  without  procuring  water  have  been  sunk  in  the 
conglomerate  or  arkose. 

On  the  eastern  side  of  the  valley  the  conditions  are  less  favorable  than 
on  the  west.  The  eastward  sloping  beds  of  the  narrow  belt  of  Mount 
Toby  conglomerate  that  lies  at  its  contact  with  the  crystalline  rocks 
along  the  eastern  edge  of  the  area  abut  against  a  system  of  faults  that 
presumably  constitutes  an  extended  line  of  leakage,  drawing  water 
from  the  adjacent  conglomerates. 

SANDSTONES. 

Dutribution  and  character, — ^The  sandstones,  because  of  their  gpreat 
area  and  their  water-holding  capacity,  are  the  principal  source  of 
water  in  the  Triassic  area.  Except  for  the  conglomerate  belts  along 
the  eastern  and  western  boundaries,  the  shale  band  near  Connecticut 
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River  at  the  center  of  the  valley,  and  the  trap  ridges,  the  main  portion 
of  the  area  of  Triassic  rocks  is  underlain  by  sandstone.  Many  impor- 
tant towns  are  located  in  the  sandstone  area  and  a  large  number  of 
wells  obtain  good  supplies  of  water  from  this  rock. 

In  character  the  sandstones  vary  from  fine  to  coarse  grained,  and 
are  usually  some  shade  of  red  or  brown  in  color,  though  buff  and  other 
varieties  are  known.  They  are  often  of  very  even  texture  and  fre- 
quently occur  in  thick  beds,  so  that  from  many  standpoints  they 
constitute  an  admirable  building  stone,  for  which  purposes  they  are 
extensively  quarried,  especially  at  Longmeadow  in  Massachusetts  and 
Portland,  Cromwell,  and  Tolland  in  Connecticut.  They  are  inter- 
spersed with  beds  of  shale  ranging  in  thickness  from  mere  films  up  to 
beds  many  feet  thick,  which  frequently  serve  as  confining  strata  for 
the  water-bearing  beds. 

A  test  of  the  brownstone  from  Portland,  Conn.,«  shows  that  this 
sandstone  when  previously  dried  and  then  inmiersed  in  water  for  three 
months  will  increase  in  weight  from  150  to  154  pounds,  showing  an 
absorptive  ratio  of  4  to  150  or  about  one-fortieth  of  the  weight  of 
the  block.  This  is  equivalent  to  approximately  2  quarts  of  water  to 
every  cubic  foot,  and  shows  that,  under  favorable  conditions,  the  rock 
has  immense  capacity  as  a  reservoir. 

Water  supply. — ^The  sandstones  may  be  studied  to  good  advantage 
in  the  quarries  which  lie  within  their  borders  at  Longmeadow,  Crom- 
well, or  perhaps  best  of  all  in  the  great  brownstone  quarries  at  Port- 
land, directly  across  the  Connecticut  RiVer  from  Middletown,  Conn. 
Here  great  pits  have  been  opened  in  the  sandstone  to  a  depth  of  200 
feet,  and  the  water-bearing  character  of  the  rocks  may  be  studied. 
Although  the  sandstone  when  quarried  contains  a  certain  amount  of 
*'  quarry  water"  when  first  removed  from  the  pit,  no  water  appears 
to  percolate  from  the  face  of  the  stone,  but  water  everywhere 
emerges  from  along  the  bedding  planes,  especially  along  the  shaly 
partings,  where,  dripping  down,  it  darkens  the  quarry  walls  over  large 
surfaces.*  The  water  flows  chiefly  down  the  slope  of  the  dip  and 
enters  the  rock  in  greatest  amount  during  the  spring  months,  at  which 
period  slight  amounts  may  also  enter  from  the  opposite  side.  The 
beds  slope  from  the  Connecticut  River  toward  the  quarry,  but  the 
fluctuation  in  the  amount  of  water  entering  the  quarry  with  the  season 
indicates  its  derivation  directly  from  rainfall  or  melting  snows. 
Throughout  the  busy  season  pumps  keep  the  quarries  sufficiently  clear 
of  water  to  permit  work  to  be  done. 

A  well  showing  features  somewhat  analogous  to  those  seen  at  the 

aStone,  Tol.  9,  June,  18M,  p.  20.  i»8tone.  vol.  9.  pp.  42-43, 1898. 
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quarries  is  located  at  the  bottling  establishment  of  M.  M.  Bacon,  on 
Morris  street,  Hartford.  It  is  an  open  well,  34  feet  deep  and  about 
2i  feet  in  diameter,  about  14  feet  of  its  depth  being  in  shales.  In  one 
corner  of  the  bottom  of  this  well  is  a  fissure  large  enough  to  allow 
the  insertion  of  the  fingers,  from  which  the  water  flows  in  such  abun- 
dance that  it  is  impossible  to  keep  the  well  dry  enough  for  convenient 

cleaning.  The  draft  on  this  well 
is  a  thousand  gallons  a  day  the 
year  round,  and  in  summer  it 
will  amount  to  half  as  much 
again.  Though  this  well  is  in  a 
city  of  90,000  inhabitants,  and  is 
situated  at  the  foot  of  a  consid- 
erable drainage  slope,  yet  the 
IMPERVIOUS  BED   ^  \   aualysls  wWch  the  clty  madc  of 

FiG.20.—Depre«lon  of  water  surface  at  point  of        the  Water  shoWS  that  it  is  Very 


leakage  in  sandstone. 


pure. 


From  the  fact  that  the  entrance  of  water  into  the  quarries  and  in  the 
well  mentioned  is  from  the  bedding  planes,  it  might  appear  that  but 
little  was  contained  in  the  body  of  the  sandstones  themselves.  This 
appearance  is,  however,  probably  due  to  the  artificial  conditions  of 
the  exposures  in  the  quarries.  The  sandstone,  because  of  its  open 
and  porous  texture,  probably  behaves  much  like  a  homogeneous  mass 
of  sand,  from  which  the  flow  or  leakage  takes  place  along  its  contact 
with  an  underlying  impervious  bed  or  at  the  level  of  saturation.  In 
such  a  mass  the  water  table,  as  the  upper  surface  of  the  water  body 
which  it  contains  is  called,  is  depressed  at  the  point  of  leakage,  but 
rises  gradually  as  the  distance  from  the  point  of  outflow  increases 
(see  fig.  20).  Thus,  in  a  sandstone  bed  it  is  but  natural  that  the  out- 
flow should  be  only  at  its  base,  although  perhaps  a  few  feet  back  from 
the  exposed  face  the  whole  bed  may  be  saturated.  This  is  true  of 
practically  all  natural  outcrops,  even  of  the  famous  water-bearing 
Dakota  and  similar  sandstones  of  the  central  West. 

SHALES. 

C}mraotei\ — The  largest  body  of  shales  in  the  Triassic  area  occurs 
near  the  central  part  of  the  valley,  in  the  vicinity  of  Connecticut 
River.  They  are  known  in  Massachusetts  as  the  Chicopee  shale,  are 
grayish  in  color,  and  are  interbedded  with  many  sandstone  layers.  At 
the  bottom  they  grade  into  the  Longmeadow  sandstone.  In  addition 
to  the  Chicopee  shales,  occasional  thin  shaly  beds  occur  in  the  sand- 
stones or  conglomerates  throughout  the  entire  area. 

Theoretically  shales  are  not  at  all  adapted  to  hold  ground  water, 
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but  in  the  shaly  rooks  under  discussion  there  is  considerable  lime, 
and  possibly,  in  the  deeper  portions,  salt  and  gypsum,  which  by  solu- 
tion may  readily  give  rise  to  channels  for  underground  waters.  The 
interbedded  sandy  layers  and  the  bedding  planes  themselves  would 
also  furnish  numerous  channels  for  the  passage  of  such  waters. 

Water  mipply, — ^That  the  shales  bear  considerable  quantities  of 
water  is  apparently  shown  by  the  success  of  the  wells  at  Holyoke, 
Springfield,  and  other  points  in  the  belt  of  the  Chicopee  shales, 
although  it  is  not  impossible  that  the  deeper  wells  enter  the  under- 
lying Longmeadow  sandstone  and  obtain  a  part  of  their  supply  from 
that  formation.  Among  such  wells  may  be  mentioned  Nos.  3,  4,  5,  7, 
9,  10,  11,  and  12,  mentioned  by  Mr.  Pynchon  in  the  preceding  paper. 
Wells  16  to  22  generally  start  in  the  Chicopee  shales,  although  several 
of  them  may  penetrate  sandy  beds,  probably  of  the  underlying  Long- 
meadow  sandstones. 

Depth  of  welU, — Of  the  wells  noted,  two  are  between  100  and  200 
feet,  five  between  200  and  300  feet,  four  between  300  and  400  feet, 
two  between  400  and  500  feet,  and  three  over  500  feet.  This  indicates 
that  in  general  the  wells  must  be  fairly  deep  in  order  to  obtain  satis- 
factory supplies  in  the  shale  area. 

Character  of  water, — Because  of  the  presence  of  lime  and  other 
soluble  mineral  substances  the  waters  from  the  shales  are  generally 
highly  mineralized  and  can  seldom  be  used  in  boilers. 

TRAPS. 

Catchment  conditions. — Of  the  rocks  of  the  Triassic  area  the  traps 
present  the  most  unfavorable  conditions  for  water  storage.  This  is 
because  of  the  lack  of  porosity  of  the  rock  itself  and  of  the  absence  of 
bedding  planes  along  which  the  water  might  flow.  Superficially  they 
are  extensively  jointed  and  would  absorb  and  hold  much  water  if  the 
open  joints  reached  any  considerable  depth.  It  is  probable,  however, 
that  below  a  relatively  few  feet  from  the  surface  the  joints  are  in  many 
places  not  sufficiently  open  to  admit  the  passage  of  water.  Moreover, 
the  form  of  their  outcrops  is  most  unfavorable  for  the  reception  of  the 
surface  waters,  as  their  exposed  edges  stand  high  above  the  surround- 
ing plain,  and  usually  rest  upon  an  elevated  pedestal  of  sediments. 
The  western  faces  of  the  trap  ridges,  on  which  side  they  are  most 
eroded,  are  precipitous  cliflfs,  while  their  unbroken  eastern  slopes, 
plunging  downward  toward  the  plain  at  an  angle  of  about  15"^,  send 
the  waters  collected  from  the  rains  in  rushing  brooks  to  the  lowland. 
Indeed,  throughout  the  valley  the  foot  of  the  eastern  slope  of  the 
Main  sheet  of  trap  is  the  favorite  location  for  reservoirs.     Hartford 
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receives  its  water  supply  from  a  chain  of  such  lakes  that  stretches  for 
several  miles  along  the  eastern  foot  of  the  Talcott  Range,  while  there 
are  at  least  five  reservoirs  that  use  as  their  watershed  the  back  slopes 
of  the  Hanging  Hills.  Farther  down  the  valley  Beseck  Lake,  Paug 
Pond,  and  Lake  Saltonstall  derive  their  supply  from  similar  sources. 

WdU  in  the  trap. — Among  the  more  interesting  of  the  wells  deriving 
their  supply  from  the  trap  are  those  at  Cedar  Mountain,  Wethersfield, 
just  southwest  of  Hartford  (No.  121,  B.  and  C,  of  Mr.  Pynchon). 
These  wells  are  on  the  property  of  Dr.  Gordon  W.  Russell,  who  sunk 
the  wells  largely  as  an  experiment,  and  who  has  shown  much  interest  in 
scientific  matters.  The  mountain  is  a  part  of  the  ridge  of  the  Main 
trap  sheet,  and  has  a  maximum  elevation  of  about  360  feet  above  the 
sea.  Its  western  face  is  very  steep,  dropping  250  feet  to  the  plain 
within  a  distance  of  two-fifths  of  a  mile,  and  'is  actually  precipitous 
near  the  summit.  The  eastern  face  slopes  more  gradually,  dropping 
about  120  feet  to  the  valley,  occupied  by  shales,  about  three-fifths  of 
a  mile  distant.     It  is  in  all  respects  a  typical  trap  ridge. 

Well  A  is  an  ordinary  open  well  and  was  dug  to  supply  the  needs 
of  the  farm  house.  It  was  opened  9  or  10  feet  to  the  rock,  but  the 
water  became  shallow  in  summer.  It  was  then  sunk  1  or  2  feet  into  the 
loose,  greatly  jointed  surface  trap,  and  has  since  given  an  abundance 
of  water  for  domestic  uses.  The  supply,  however,  fluctuates  regu- 
larly with  the  wetness  or  dryness  of  the  season.  From  the  well  mouth 
the  mountain  side  with  its  drift  covering  rises  steadily  for  two-fifths 
of  a  mile  to  the  west  till  it  reaches  the  crest,  which  is  about  100  feet 
above  the  well.  The  supply  is  clearly  the  surface  water  contained  in 
the  soil  and  in  the  heavily  jointed  upper  surface  of  the  trap,  the  source 
also  of  a  little  stream  which  lies  a  little  farther  up  the  ridge. 

Well  B  is  located  about  200  feet  south  of  well  A.  It  passes  through 
9  feet  of  soil  and  then  through  about  290  feet  of  trap  rock,  at  which 
point  the  string  of  drilling  tools  wedged  fast,  jx)ssibly  along  a  joint 
plane.  The  well  is  6  inches  in  diameter.  On  illuminating  it  brightly 
for  a  considerable  depth,  by  light  reflected  from  a  mirror,  it  appeared 
that  no  water  came  into  it  except  from  the  shattered  upper  surface  of 
the  trap  sheet,  as  in  well  A,  The  drill  had  not  entered  the  underlying 
sediments  when  the  well  was  visited  in  1902,  notwithstanding  the  fact 
that  the  bottom  of  the  well  was  much  below  the  level  of  the  western 
plain. 

Well  C  is  located  about  three-fourths  of  a  mile  farther  south  and  a 
little  farther  east  than  the  other  two  wells.  It  has  a  depth  of  103  feet. 
It  was  thought  from  the  residue  brought  up  by  the  sand  bucket  that 
the  well  entered  the  sedimentary  beds  below,  but  in  view  of  the  record 
of  well  B  and  the  thickness  of  the  Main  sheet,  this  is  extremely 
doubtful.    Water  was  struck  at  a  depth  of  38  feet  from  the  surface, 
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in  a  joint,  the  yield  being  32  gallons  an  hour.  At  the  present  depth 
the  well  is  capable  of  giving  90  gallons  an  hour,  the  water  probably 
coming  through  joints  from  a  level  below  the  well  bottom,  and  rising 
to  within  25  feet  of  the  surface.  During  the  drilling  light  was  reflected 
down  the  bore  and  water  was  seen  coming  in  through  the  trap,  and, 
in  the  opinion  of  the  driller,  Mr.  H.  B.  King,  of  Hartford,  from  the 
down-hill  side.  However  this  may  be,  we  have  here  a  well  near  the 
summit  of  the  mountain  whose  bottom  is  above  the  level  of  the  low- 
lands on  either  side,  with  water  coming  in  through  the  trap  and  rising 
to  a  point  about  175  feet  above  the  plain  three- fourths  of  a  mile  to  the 
west  and  about  70  feet  above  the  valley  one-fourth  of  a  mile  to  the 
east.     The  top  of  the  well  is  about  280  feet  above  sea  level., 

GEOLOGY. 
STRUCTURE. 

Attitude  ofheds. — ^The  dip  of  the  beds  of  the  Triassic  area  averages 
about  15^,  or  nearly  2,000  feet  to  the  mile.  The  catchment  area  of  an 
individual  bed  having  a  dip  as  steep  as  this  is  very  narrow  as  compared 


Fio.  21.— Outcrop  of  bed  dipping  V5P. 


Pig.  22.~Outcrop  of  bed  dipping  b°. 


with  that  of  a  more  gently  inclined  bed.  Thus,  in  figs.  21  and  22  beds 
having  the  same  thickness  and  dipping  15^  and  5*^,  respectively,  are 
represented  as  outcropping  on  a  level  surface.  It  will  be  seen  that 
the  catchment  area  is  smaller  at  the  outcrop  of  the  more  steeply 
dipping  bed. 


Fio.  28.— ConditlonB  and  beds  encountered  by  wells. 

Because  of  the  steep  dips  and  the  rapidity  with  which  the  beds  are 
carried  to  great  depths  a  single  water  horizon  is  available  only  within 
very  narrow  limits.  In  fact,  in  going  from  west  to  east  practically 
every  well,  unless  the  weUs  are  very  close  to  one  another  or  penetrate 
to  a  great  depth,  draws  from  a  separate  horizon  (see  fig.  23).  This  is 
the  explanation  of  the  great  variability  in  the  quantity  and  quality  of 
the  water  drawn  from  wells  in  the  Triassic  area. 

Along  the  western  rim  of  the  area  the  Triassic  rocks  lie  about  200 
feet  higher  than  in  the  lowlands  of  the  Connecticut  Valley.    11  the 
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beds  were  continuous  and  were  near  enoujfh  to  the  surface  in  the  center 
of  the  valley  to  be  reached  by  the  drill,  artesian  flows  would  probably 
be  uniformly  obtained.  In  reality,  however,  the  beds  are  not  contin- 
uous, but  are  broken  by  faults  along  which  the  waters  can  escape, 
and,  moreover,  they  lie  at  such  great  depths  that  they  can  not  be 
economically  reached.  The  bed  from  which  a  500-foot  well  draws  its 
supply  will  outcrop  within  about  a  quarter  of  a  mile  of  the  well. 

Direction  of  m(yi)enient  of  water. — Although  extensive  artesian  fields 
are  unknown,  and  are  in  fact  not  to  be  expected,  isolated  flowing  wells 
sometimes  occur.  A  number  have  been  mentioned  in  the  description 
of  the  wells  by  Mr.  Pynchon,  pages  76  to  96  of  this  report.  In  most 
instances  the  water  moves  down  the  dip,  but  in  a  few  wells  the  reverse 
seems  to  be  true. 

A  well  of  the  Connecticut  Valley  Brewing  Company,  at  Thompson - 
ville  (No.  26  of  Mr.  Pynchon's  list),  is  located  on  a  neck  of  land  that 
projects  westward  into  the  Connecticut  River,  to  which  a  steeply 
sloping  bank  is  presented.  The  water  is  obtained  from  the  rock  about 
30  feet  from  the  surface,  the  water-bearing  bed  rising  toward  the 


Fig.  24.— Underground  conditions  in  Tbompsonville  well. 

river  and  outcropping  in  the  steep  bank  mentioned.  The  well  yields 
8  gallons  a  minute,  a  quantity  many  times  greater  than  any  amount 
that  could  be  absorbed  from  the  steep  and  narrow  catchment  area. 
The  water  can  not  possibly  come  from  the  river,  as  its  level  is  about 
25  feet  higher  than  the  level  of  the  water  in  the  river,  but  must  come 
up  the  dip  from  the  east.  As  the  beds  never  bend  upward  and  appear 
at  the  surface,  but  maintain  their  uniform  dip  to  the  east,  the  water 
can  not  be  derived  from  any  outcrop  lying  farther  east.  Joints  or 
faults  apparently  present  the  only  means  by  which  the  water  can  be 
supplied  (fig,  24). 

A  well  drilled  a  few  years  ago  on  Talcott  Mountain,  near  the  site  of 
the  **01d  Talcott  tower,"  of  local  fame,  was  situated  on  the  crest  of 
the  ridge  at  a  point  a  little  over  900  feet  above  the  sea.  The  face  of 
the  mountain  falls  away  steeply  to  the  west  700  feet  in  two-fifths  of  a 
mile.  At  a  depth  of  200  feet  the  drill  passed  through  the  trap  into 
the  underlying  sediments,  and  at  this  point  the  only  water  was  found. 
Presumably  it  was  in  small  quantity,  as  the  drilling  was  carried  700  feet 
farther,  but  without  results.     As  the  crest  of  the  mountain  is  700  feet 
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above  the  western  plain,  and  as  the  trap  was  left  at  a  point  only  200 
feet  down,  the  contact  upon  the  face  of  the  mountain  must  be  over 
500  feet  above  the  plain.  This  would  bring  the  outcrop  of  the  con- 
tact onW  a  little  over  one-tenth  of  a  mile  west  of  the  well  and  on  a 
precipitous  portion  of  the  mountain  face.  It  is  thought  probable  by 
Mr.  Pynehon,  who  reported  the  well,  that  the  water  found,  however 
small  the  quantity,  came  up  rather  than  down  the  slope  of  the  beds. 
Well  No.  52,  Hopkins  &  Co.,  Hartford,  is  probably  of  the  same  general 
type,  as  when  allowed  to  stand  the  water  rises  in  the  well  far  above 
the  water  levels  of  the  Park  and  Connecticut  rivers,  which  are  close  by. 

JOINTS. 

OecurreTice, — Joints  are  especially  numerous  throughout  the  Trias- 
sic  area,  the  traps,  conglomerates,  sandstones,  and  shales  all  showing 
many  of  them.  In  the  traps,  as  has  been  pointed  out,  the  rock  is  some- 
times superficially  broken  up  into  a  mass  of  small  blocks,  among  which 
the  water  freely  circulates. 

Joints  are  also  well  developed  in  the  shales.  This  may  be  seen  readily 
in  the  city  quarry  at  Hartford,  previously  mentioned,  where  the  shales 
forming  the  floor  of  the  quarry  are  traversed  for  long  distances  by 
joint  cracks  that  divide  the  rock  into  the  diamond-shaped  blocks  already 
described.  In  this  quarry  a  number  of  feet  of  the  indurated  shale 
have  been  removed,  leaving  an  escarpment  of  sedimentary  rocks,  aver- 
aging fully  10  feet  high,  immediately  below  the  trap.  The  joint  planes 
bounding  this  face  cut  through  many  layers,  some  of  them  probably 
traversing  the  whole  vertical  distance.  An  examination  of  any  fairly 
extensive  outcrop  of  shale  within  the  lowland  will  show  that  jointing 
is  developed  everywhere  to  the  same  extent. 

The  sandstone  beds  are  likewise  commonly  jointed  when  exposed  at 
the  surface,  but  to  what  depth  pronounced  jointing  extends  is  unknown, 
although  the  jamming  of  drills  in  certain  wells  may  indicate  that  fis- 
sures extend  to  considerable  depth  in  the  sandstone.  Thus  in  the  well 
of  the  Hubert  Fischer  Brewing  Company,  of  Hartford  (No.  44),  the 
drill,  after  penetrating  *'  blue  stone,"  entered  what  seems  to  have  been 
a  conglomerate,  soon  after  which  it  became  jammed,  presumably  by 
encountering  a  joint  plane.  On  its  liberation  water  began  to  flow. 
Again,  at  Hotel  Russwin,  New  Britain,  a  well  penetrated  140  feet  of 
sandstone,  etc.,  without  finding  enough  water  to  keep  the  drill  wet,  but 
at  that  depth  the  drill  became  jammed  in  what  appeared  to  be  a  crack 
about  2  inches  wide.  As  in  the  preceding  well,  an  ingress  of  water 
followed  the  loosening  of  the  drill.  The  apparent  breadth  of  the  crack 
may  in  reality  be  due  rather  to  the  presence  of  soft,  decomposed  rock 
along  the  joint  plane  than  to  an  actual  opening  of  the  size  indicated. 
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Effect. — Several  different,  and  in  two  instances  entirely  opposite, 
effects  are  produced  by  the  joints  of  the  Triassic  rocks.  Superficially 
they  greatly  favor  absorption  of  water,  and  it  is  probable  that  the 
shallow  supplies,  especially  those  reached  by  wells  50  feet  or  less  in 
depth,  are  greatly  increased  by  their  presence.  Doubtless  the  most 
common  result  of  the  jointing,  however,  is  to  break  the  continuity  of 
the  shale  or  other  confining  beds  associated  with  the  water  horizons, 
and  thus  to  permit  sufficient  leakage  in  most  instances  to  destroy  the 
prospects  of  artesian  flows.  In  a  few  cases,  on  the  other  hand,  the 
supplies  of  deep  beds  seem  to  be  derived  from  joints  rather  than  from 
outcrops,  as  was  notably  the  case  of  the  Thompsonville  well  (No.  26), 
described  on  page  82,  where  the  water,  as  indicated  in  fig.  24,  appears 
to  have  passed  down  the  joint  and  up  the  dip  of  the  sandstone  bed 
nearly  to  its  outcrop,  giving,  in  fact,  true  artesian  conditions. 

FAULTING. 

Occurrence, — ^Although  jointing  disturbs  the  continuity  of  the  beds 
almost  universally,  it  does  not  do  this  so  profoundly  as  do  the  mani- 
fold faults  that  cross  the  area  in.  several  directions,  especially  from 
north  to  south.  Reference  to  the  map  accompanying  Professor  Davis's 
paper  ^  will  show  that  important  faults  exist  in  great  numbers,  but 
numerous  as  they  are,  as  shown  on  the  map,  a  many  times  greater 
number  of  faults,  too  small  to  be  recorded,  yet  of  sufficient  size  to 
entirely  destroy  the  continuity  of  the  beds  in  their  immediate  vicinity, 
occur  in  the  area.  When  the  extensive  brecciation  and  local  bending 
of  the  strata  that  must  take  place  along  the  greater  faults — faults 
having  a  length  to  be  reckoned  in  miles  and  an  upthrow  to  be  calcu- 
lated in  hundreds  and  in  some  cases  thousands  of  feet — are  taken  into 
consideration,  it  may  be  readily  seen  how  thoroughly  and  extensively 
the  continuity  of  the  strata  is  destroyed. 

Effect, — The  effect  of  faults  is  much  the  same  as  that  of  joints,  but, 
because  of  the  relatively  greater  influence  of  faults  at  considerable 
depths,  it  is  even  more  important.  As  the  jointed  upper  portions  of 
traps  and  other  rocks  are  reservoirs  of  water,  so  the  fault  breccia,  or 
the  crushed  material  along  faults,  forms  an  important  source  of  water. 
Among  successful  wells  located  almost  upon  the  breccia  of  faults  may 
be  mentioned  Nos.  44,  45,  46,  47,  48,  49,  and  55  of  Mr.  Pynchon, 
lying  near  the  fault  cutting  off  the  north  end  of  Cedar  Mountain,  near 
Hartford.  Wells  Nos.  124,  125,  126,  and  127  at  Berlin  and  No.  130 
at  New  Britain  are  almost  on  fault  lines,  while  the  town  of  Meriden 

a  Davis,  W.  M.,  The  Triassic  formatioii  of  Connecticut:  £lghteenth  Ann.  Rept.  U.  8.  Geol.  Survey, 
PI.  XIX. 
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with  its  wells  is  bounded  ou  the  northwest  and  the  southeast  by  the 
two  greatest  faults  in  the  whole  lowland,  the  distance  between  the 
faults  at  this  point  being  only  1}  miles. 

COMPOSITION  OP  TRIA88IC  WATERS. 

Many  facts  bearing  on  the  composition  of  the  Triassic  waters  are 
given  by  Mr.  Pynchon  in  the  preceding  paper,  especially  those  bearing 
on  the  practical  question  of  their  adaptability  for  boiler  use.  The 
analyses  of  the  waters  of  most  of  the  wells  described  by  Mr.  Pynchon 
are  not  now  available,  but  the  results  of  the  chemical  examinations  of 
a  number  of  similar  waters  from  Triassic  rocks  are  given  in  the 
following  table. 
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One  of  the  striking  features  of  these  wells  and  springs  is  the  great 
variability  of  the  waters.  Those  of  the  traps  are  comparatively  low 
in  mineral  matter,  carrying  in  one  case,  at  North  Haven  (No.  16),  as 
low  as  32  parts  per  million  of  dissolved  solids.  From  400  to  2  500 
parts  per  million  are  common  in  waters  from  the  sandstones  and  shales 
(Nos.  1,  3,  6,  and  13).  Such  amounts  make  the  water  unfit  for  boiler 
use,  even  where  the  mineral  matter  is  mainly  present  as  carbonate 
(lime).  The  analyses  show  that  not  only  is  lime  present  in  large 
amounts,  but  that  there  are  considerable  quantities  of  the  much  more 
objectionable  sulphates.  The  three  springs  mentioned  are  very  low 
in  mineral,  the  water  in  two  of  them,  if  not  in  all  three,  coming  from 
the  trap. 

SUMMARY  OP  WATER  CONDITIONS. 
ESSENTIALS  OP  ARTESIAN   PLOW. 

In  1886  Professor  Chamberlin  published  a  paper**  that  explained 
the  principles  of  artesian  flow  and  called  attention  to  many  of  the 
special  conditions  that  tend  to  determine  the  success  or  failure  of 


ill  .   ■  I 


Fio.  25.— Ideal  section  showing  the  requisite  conditions  of  artesian  wells. 

artesian  wells.    The  conditions  favorable  to  true  artesian  flow  are  as 
follows:* 

1.  A  pervious  stratum  to  permit  the  entrance  and  the  passage  of  water. 

2.  A  water-tight  bed  below  to  prevent  the  escape  of  water  downward. 

3.  A  like  impervious  bed  above  to  prevent  the  escape  upward,  for  the  water,  being 
under  pressure  from  the  fountain  head,  would  otherwise  find  relief  in  that  direction. 

4.  An  inclination  of  these  beds,  so  that  the  edge  at  which  the  waters  enter  will  be 
higher  than  the  surface  at  the  well. 

5.  A  suitable  exposure  of  the  edge  of  the  porous  stratum,  so  that  it  may  take  in  a 
sufficient  supply  of  water. 

6.  An  adequate  rainfall  to  furnish  this  supply. 

7.  An  absence  of  any  escape  for  the  water  at  a  lower  level  than  the  surface  at  the 
well. 

The  requisites  as  outlined  above  apply  only  to  sedimentary  rocks, 
but  the  principle  on  which  artesian  flow  depends  is  equally  applicable 


Fio.  26.— Section  Illustrating  thinning  out  of  porous  water-bearing  bed. 

to  other  rocks,  the  essential  feature  being  simply  that  the  water  be 
confined  and  that  the  outlet  through  the  well  be  considerably  lower 

« Chamberlin.  T.  C,  Requisite  and  qualifying  conditions  of  artesian  wells:  Fifth  Ann.  Rep.  U.  S. 
Geol.  Survey,  pp.  125-178. 
Mbid.,p.l8. 
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than  the  catchment  area  at  which  the  water  enters.  A  bedding,  joint, 
or  fault  plane  or  other  fissure  in  the  insoluble  rocks,  or  a  solution 
passage  in  limestones  sometimes  affords    favorable  conditions  for 


Fio.  27.~8ectioii  showing  transltioii  from  porous  to  impenriotis  bed. 

artesian  flow,  but  such  features  are  usually  of  limited  and  local  devel- 
opment and  are  therefore  a  far  less  common  source  of  water  than  the 
widely  distributed  beds  of  sedimentary  origin. 

ooNDrnoNs  in  the  tbiassic  abea  fayobable  to  flows. 

The  conditions  in  the  area  that  are  favorable  to  artesian  flow  may  be 
summarized  as  follows: 

i.  There  are  many  porous  beds  which  water  may  readily  enter  and  through  which 
it  may  find  ready  passage. 

2.  Water-tight  beds,  serving  to  confine  the  waters,  frequently  occur  both  above 
and  below  the  water-bearing  sandstones. 

3.  The  beds  are  so  inclined  that  the  edges  at  which  the  waters  enter  are  often 
higher  than  mouths  of  the  wells. 

4.  The  edges  of  the  beds  are  so  exposed  that  water  can  be  readily  absorbed. 

5.  The  rainfall  is  adequate  for  large  supplies. 

6.  In  some  places  joints  and  faults  appear  to  conduct  water  downward  to  the  porous 
sandstones,  which  thus  obtain  their  supplies. 

CONDITIONS  IN  THE  TRIASSIC  AREA   UNFAVORABLE  TO  FLOWS. 

The  conditions  unfavorable  for  flowing  wells  in  the  area  may  be 
stated  as  follows: 

1.  The  beds  are  so  highly  inclined  that  the  areas  exposed  at  the  surface  for  the 
catchment  of  waters  are  small. 

2.  The  inclination  of  the  beds  is  such  that,  except  in  very  deep  borings,  the  out- 
crop is  near  the  well  and  is  at  only  a  slightly  greater  altitude. 

3.  The  rocks  are  so  cut  by  joints  and  faults  that  ready  escape  is  frequently  afforded 
for  the  rock  waters,  thus  neutralizing  the  several  favorable  conditions  noted. 

CONCLUSIONS. 

The  conclusions  reached  as  to  the  underground  water  conditions  on 
the  area  may  be  summarized  as  follows: 

1.  Rock  waters  are  generally  present  in  almost  all  of  the  rocks  of  the  Triassic  area. 

2.  In  the  sedimentary  beds  the  rock  waters  appear  to  be  most  abundant  in  the 
sandstones,  less  abundant  in  the  shales,  and  least  abundant  in  the  arkoee  and  con- 
glomerates occurring  around  the  rim  of  the  area.  Little  water  is  ordinarily  afforded 
by  the  traps. 

3.  Many  of  the  conditions  tiivorable  to  artesian  flows  are  locally  present,  and  flow- 
ing wells  will  occasionally  be  found. 
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4.  Because  of  the  frequent  inteiruption  of  the  continuity  of  the  water-bearing  beds 
by  joints  and  faults,  artesian  flows  will  be  relatively  rare  and  confined  to  small  areas. 

5.  The  dips  are  so  steep  that  the  water-bearing  beds  usually  outcrop  within  a  short 
distance  from  the  wells  and  at  only  a  slightly  greater  elevation;  hence  the  head  will 
probably  never  be  great,  and  for  ordinary  purposes  pumping  will  always  be  necessary. 

6.  Because  of  the  steepness  of  the  dip  different  wells,  except  where  close  together, 
will  rarely  pass  through  the  same  series  of  beds,  but  will  generally  show  wide  differ- 
ences in  the  materials  encountered  and  the  quantity  and  quality  of  water  procured. 

7.  Supplies  sufficient  for  many  ordinary  manufacturing  processes  will  be  obtained 
from  wells  in  the  Triassic  sandstones,  but  such  enormous  supplies,  amounting  to 
several  thousand  gallons  a  minute,  as  are  obtained  from  some  of  the  wells  in  the 
loose,  porous  beds  of  the  Coastal  Plain  will  not  be  found.  The  amounts  given  in 
the  description  of  the  wells  in  the  paper  by  Mr.  Pynchon  indicate  the  character  and 
limitations  of  the  supplies  that  may  reasonably  be  expected. 

8.  The  waters  will  generally  be  highly  mineralized,  and  it  will  usually  be  impos- 
sible to  use  them  in  boilers.  The  waters  of  the  traps  will  on  the  whole  probably  be 
found  freest  from  mineral  matter  and  those  of  the  shales  will  show  the  highest 
mineral  content.  The  contrast  between  these  waters  and  the  pure  soft  waters  of  the 
crystalline  rocks  of  the  surrounding  area  is  very  striking. 

9.  The  water  will  commonly  be  free  from  pollution  by  sewage  or  other  extraneous 
matter.  High  chlorine,  usually  regarded  as  an  indication  of  sewage  contamination, 
may  result  from  the  solution  of  matter  from  the  rocks,  especially  from  the  shales. 
In  cities,  however,  where  the  rocks  outcrop,  as  they  frequently  do,  within  the  cor- 
porate limits,  the  water  should  be  used  for  drinking  only  after  it  has  been  thoroughly 
tested,  as  surface  waters  may  in  some  instances  pass  readily  into  the  rocks.  The 
wells  should  be  carefully  cased  and  packed  to  prevent  water  from  passing  downward 
along  the  pipe. 

10.  The  source  of  the  water  supply  is  mainly  the  rainfall  in  adjacent  regions. 
When  the  rocks  outcrop  at  the  surface,  the  water  may  be  absorbed  directly,  but  prob- 
ably the  greater  amount  is  absorbed  from  the  ground  water  in  the  glacial  drift  which 
overlies  the  rocks  over  large  areas. 

11.  The  waters  pass  through  the  rocks  in  part  by  general  seepage  and  in  part  by  fol- 
lowing bedding,  joint,  or  fault  planes.  The  former  method  is  more  common  in  the 
porous  sandstones,  the  latter  in  the  shales  and  traps. 

NOTES  ON  WEIili  DRIIililNG. 

TESTING  OP  WELLS. 

Attention  has  been  called  by  Mr.  Pynchon  to  the  failure  of  a  num- 
ber of  very  deep  wells,  notably  the  3,700-foot  well  at  Northampton 
and  the  1,100-foot  well  near  Westfield.  Although  such  wells  have 
failed  to  obtain  supplies,  practically  all  of  them  encounter  water  in 
small  amounts,  which  is  generally  cased  off  as  the  well  proceeds.  No 
such  well  should  ever  be  abandoned  without  a  thorough  test  of  every 
water  horizon,  however  small.  The  casing,  if  possible,  should  be 
raised  above  the  level  of  the  water-bearing  bed,  a  pump  inserted,  and 
the  supply  measured.  When  it  is  impossible  to  remove  the  casing,  it 
can  be  destroyed  at  the  water  horizon  by  a  shot  of  nitroglycerin, 
which  will  also  at  the  same  time  tend  to  loosen  up  the  surrounding 
rock  and  increase  the  flow.     Supplies  have  frequently  been  developed 
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at  horizons  which  were  not  at  fil^t  thought  worthy  of  testing  and  which 
were  originally  drilled  through  without  stopping  and  cased  oflf. 

Anything  that  tends  to  increase  the  chances  of  success  of  wells  is  to 
the  ultimate  advantage  of  the  driller.  A  complete  failure,  such  as  the 
well  at  Northampton,  while  it  may  cause  the  owner  to  sink  the  par- 
ticular well  to  a  great  depth  and  thus  give  temporary  employment  to 
the  driller,  will  tend  to  deter  others  in  the  vicinity  from  drilling,  and 
will  in  the  end  result  in  a  decrease  in  the  total  amount  of  drilling  done. 
If  such  failures  can  be  partially  or  wholly  prevented,  the  drilling  busi- 
ness will  be  proportionately  benefited.  The  drillers  themselves  should 
use  all  possible  eflfort  to  make  every  well  successful,  for  each  success- 
ful well  is  likely  to  lead,  sooner  or  later,  to  the  sinking  of  others. 

KEEPING  OF  RECORDS. 

One  of  the  chief  factors  in  the  development  of  a  well,  as  has  been 
pointed  out,  is  the  thorough  testing  of  each  water  horizon.  Detailed 
notes  should  therefore  be  made  of  the  chai-acter  of  material  penetrated 
by  the  drill  and  the  amount  and  quality  of  the  water  from  each  hori- 
zon, wherever  encountered,  and  the  depth  of  each  horizon  should  be 
determined  by  actual  measurement.  The  memoiy  can  not  be  relied 
upon  and  should  not  be  trusted  to  recall  the  depths  at  which  water  may 
be  struck,  for  although  the  facts  are  firmly  impressed  upon  one  at  the 
time,  they  are  gradually  lost  sight  of  during  later  development,  so  that 
if,  at  the  completion  of  the  well,  it  becomes  necessary  to  test  any  par- 
ticular horizon  only  a  general  guess  as  to  its  depth  and  as  to  the  char- 
acter of  the  material  at  that  point  can,  in  many  instances,  be  made. 
Many  wells  have  resulted  in  failure  because  the  water  horizons  passed 
through  in  the  earlier  stages  of  the  drilling  and  cased  off  could  not  be 
relocated. 

PROPER  DEPTH  OF  WELLS. 

Nothing  can  be  farther  from  the  truth  than  the  popular  fallacy  that 
water  can  always  be  found  in  great  quantities  if  the  well  is  only  drilled 
deep  enough.  On  the  contrary,  it  is  almost  universally  the  case  in 
this  region  that  wells  of  moderate  depth  yield  the  most  abundant  sup- 
plies. The  reason  for  this  lies  in  the  fact  that  all  of  the  rock  waters 
originally  come  from  the  surface  and  decrease  in  amount  as  the  depth 
becomes  greater.  In  the  upper  rocks  joints  and  other  crevices  are 
both  more  numerous  and  more  open  than  in  the  deeply  buried  rocks, 
and  the  absorptive  and  water-holding  capacities  of  the  upper  rocks  are 
correspondingly  greater.  Being  subject  to  weathering  and  solution 
by  circulating  waters,  the  rocks  near  the  surface  are  also  much  more 
porous  than  those  lying  deeper. 
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The  depths  to  which  wells  should  be  sunk  will  diflfer  greatly  in  dif- 
ferent areas.  What  would  be  a  shallow  well  in  many  regions  would 
be  a  deep  well  in  the  Triassic  region.  In  general,  wells  in  this  area 
that  are  under  300  feet  in  depth  give  the  best  supplies,  while  very  few 
find  their  main  supplies  below  500  feet.  There  would  probably  be 
few  exceptions  to  the  principle  that  two  250-foot  wells  will  give  more 
water  than  one  500-foot  well.  This  is  even  more  true  of  the  deeper 
wells.  For  the  cost  of  the  3,700-foot  well  at  Northampton  fifteen  or 
more  200-foot  wells  could  have  been  sunk,  and  a  good  supply  of  water 
would  almost  certainly  have  been  obtained. 

It  can  therefore  be  said  that  success  in  procuring  large  supplies  in 
the  Triassic  area  is  generally  to  be  obtained  rather  by  drilling  a  num- 
ber of  shallow  wells  than  a  single  deep  one. 
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SPRING   SYSTEM   OF   THE   DECATURVILLE 
DOME,  CAMDEN  COUNTY,  MISSOURI. 


By  E.  M.  Shepard. 


DESCRIPTION  OF  DOME. 


The  magnitude  of  the  springs  of  the  Ozarks,  especially  of  the  group 
gashing  to  the  surface  in  Camden  and  adjacent  counties  in  Missouri, 
has  long  been  noticed,  and  the  remarkable  rounded  mass  or  boss  of 
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Fio.  28.— Sketch  map  of  region  of  Decatarvine  dome,  Missouri. 

coarsely  crystalline  granite,  known  as  pegmatite,  in  the  neighbor- 
hood of  DecaturviUe,  in  southern  Camden  County  (see  fig.  28),  has 
also  been  for  many  years  an  object  of  interest.    During  a  trip  made 
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through  this  region  early  in  the  summer  of  1903  to  investigate  the 
underground  waters  of  the  State,  the  idea  occurred  to  the  writer  that 
some  rektion  existed  between  the  granite  mass  and  the  system  of 
great  springs  and  sinks  that  surrounds  it  for  a  distance  of  from  8  to 
12  miles,  or  possibly  farther.  Subsequent  study  has  confirmed  this 
opinion  and  has  revealed  a  unique  condition  of  underground  drainage. 
In  1869  some  miners  who  were  prospecting  for  lead  laid  bare,  close 
to  the  surface,  a  small  area  of  granite  or  pegmatite,  frequently  called 
graphic  granite  because  of  a  peculiar  crystalline  structure  resembling 
the  letters  of  an  ancient  alphabet.  This  is  situated  at  the  crest  of  a 
low,  dome-shaped  hill  covering  about  6  acres  and  elevated  about  40 
feet  above  the  level  of  the  land  in  the  immediate  neighborhood.  The 
miners  were  led  to  prospect  here  by  finding  some  small  rounded 
bowlders  of  quartzite  and  graphic  granite  at  the  surface.  This  small 
exposure  of  granite  is  located  near  the  town  of  Decaturville,  in  the 
southeast  comer  of  the  SW.  i  of  sec  32,  T.  37  N,,  R.  16  W.,  near  the 


Fig.  29.— Ideal  cross  section  from  Hahatonka  Spring  to  Lebanon. 

line  between  Camden  and  Laclede  counties,  on  land  now  owned  by 
Mr.  Samuel  Wheeler.  The  excavation  was  only  20  feet  long,  10  feet 
wide,  and  probably  30  feet  deep,  though  it  is  now  partially  filled  up. 
When  first  opened  the  material  immediately  beneath  the  soil  consisted 
of  an  incoherent  layer,  several  inches  in  thickness,  of  kaolinized  feld- 
spar and  mica,  which  gradually  merged  into  a  true  pegmatite,  made 
up  mainly  of  the  variety  of  feldspar  known  as  microcline,  with  some 
albite  and  oligoclase  feldspars  and  numberless  small  masses  of  quartz. 
On  the  south  side  an  irregular,  sheet-like  mass  of  fine-scaled  to  some- 
what granular,  ferruginous,  micaceous  schist  (evidently  metamor- 
phosed gouge)  was  found.  The  mica  was  all  common  muscovite. 
Scattered  over  the  surface  of  the  hill  were  lenticular  or  irregular 
masses  of  polished,  compact  quartzite,  somewhat  resembling  glacial 
bowlders  of  the  same  material.  If,  as  the  writer  believes,  these  are 
the  metamorphosed  remnants  of  a  fractured  intercalated  layer  or  bed 


Digitized  by  VjOOQIC 


jiHEPARD.]  SPRINGS  OF   DEOATUBVILLE   DOME,  MISSOURI.  115 

of  .sandstone  in  the  original  dolomite,  they  form,  with  the  mica-schist, 
the  only  evidence  of  metamoi*phism  found.  Most  of  these  bowlders 
have  been  carried  away,  many  of  them  having  been  thrown  into  the 
old  pit  and  many  used  in  the  construction  of  an  adjacent  stone  wall. 

The  dike  or  boss  is  surrounded  by  siliceous  magnesian  limestone, 
corresponding  to  Swallow's  Fourth  Magnesian  limestone.  The  greatly 
tilted  and  in  many  places  nearly  vertical  ledges  indicate  great  disturb- 
ance. The  limestone  here,  while  not  metamorphosed,  is  decidedly 
altered,  being  highly  silicified  as  well  as  pitted  and  honeycomed  to  a 
remarkable  degree.  A  quai*ter  of  a  mile  away  to  the  north,  east, 
south,  and  west,  these  ledges  outcrop  in  a  way  that  reminds  one 
strongly  of  coral  reefs  exposed  at  low  tide.  Great  parallel  ridges, 
tilted  at  every  angle  and  some  nearly  vertical,  stand  up  in  irregular 
segments  about  the  granite  hill.  To  the  southwest  for  over  2  miles, 
along  the  narrow  valley  of  Spencer  Branch,  the  disturbance  is  very 
great.  The  axis  of  this  lateral  disturbance  extends  S.  52^  W.,  and 
the  rocks  on  both  sides  of  the  valley  dip  strongly  toward  this  axis. 

About  500  feet  southwest  of  the  hill  three  small  shafts  were  sunk 
several  years  ago.  The  surface  was  covered  with  soil  mixed  with  an 
earthy  hydrated  iron  sesquioxide.  In  the  first  shaft,  27  feet  deep,  a 
mass  of  very  soft  earthy  galena,  2  feet  wide  and  3  feet  thick,  was 
found.  This  seemed  to  extend  about  8  feet  to  the  northeast.  The 
second  shaft  was  12  feet  deep,  contents  unknown.  The  third  was  53 
feet  deep,  and  Mr.  Wheeler,  the  owner  of  the  land,  states  that  granite 
was  found  at  the  bottom.  A  very  impure  earthy  galena,  mixed  with 
zinc  silicate  and  iron  pyrites,  was  found  in  three  V-shaped  pockets  or 
flat  openings,  one  above  the  other,  which  pitched  strongly  to  the  west, 
toward  the  prolonged  axis  of  disturbance.  About  a  quarter  of  a  mile 
to  the  southwest,  along  this  axis,  Mr.  Wheeler  sunk  a  fourth  shaft, 
depth  unknown,  at  which,  on  the  dump,  there  were  exposed  masses  of 
a  highly  silicified  rock  mixed  with  a  curious  iron  breccia  and  conglom- 
erate, with  scattered  masses  of  earthy  limonite. 

Surrounding  the  pegmatite  outcrop,  except  at  the  southwest,  is  an 
irregularly  broken  circle  of  low  hills  that  stand  about  60  feet  above  the 
general  level  of  the  basin,  making  the  whole  area  resemble  somewhat 
the  contour  of  an  old  crater.  The  Third  sandstone  of  Swallow  outcrops 
in  vertical  ledges  that  form  an  irregular  circle  about  three-fourths  of 
a  mile  in  diameter  around  the  pegmatite  outcrop.  This  sandstone  was 
first  observed  just  south  of  the  hotel  at  Decaturville,  where  a  large 
exposure  may  be  seen.  The  vertical  beds  here  are  about  25  feet  thick. 
The  false  bedding  and  the  more  siliceous,  irregular  layers,  standing 
out  as  ridges,  are  characteristic  of  this  formation.  The  sandstone  is 
somewhat  hardened  at  the  surface.  Farther  west,  other  outcrops  of 
vertical  sandstone  ledges  are  found  in  juxtaposition  with  vertical 
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ledges  of  the  Fourth  Magnesian  limestone  on  the  inner  side,  and  verti- 
cal ledges  of  Grasconade  limestone,  or  the  Third  Magnesian  limestone 
of  Swallow,  on  the  outer  side.  Two  of  these  outcrops  are  particularly 
striking,  one  near  the  center  of  the  south  line  of  section  29  and  the 
other  near  the  point  where  the  road  crosses  the  dry  branch  of  Banks 
Creek,  which  heads  to  the  southwest,  close  to  the  granite  outcrop  near 
the  southwest  corner  of  the  same  section.  Farther  west  and  south 
another  striking  vertical  outcrop  of  this  sandstone  forms  a  "back- 
bone." An  interesting  feature  of  these  sandstone  outcrops  is  the  fact 
that,  on  either  side  of  them,  the  dips  of  the  Gasconade  limestone,  and 
Fourth  Magnesian  limestone  range  from  vertical  to  a  strong  inclination 
inward  toward  the  sandstone,  a  condition  very  difficult  to  explain,  but 
which  may  possibly  indicate  a  second  and  more  local  uplift.  A  few 
hundred  feet  southwest  of  the  pegmatite  outcrop  several  shafts  already 
described  have  been  opened  and  small  amounts  of  earth,  impure  galena, 
and  zinc  ore  have  been  found. 

Within  a  radius  of  a  mile  or  two  of  this  pegmatite  outcrop  Mr.  W.  S. 
Rush,  of  St.  Joseph,  has  sunk  a  number  of  diamond-drill  holes  to  a 
depth  of  several  hundred  feet,  and  in  no  case  did  he  strike  the  pegma- 
tite. These  holes  were  all  sunk  in  search  of  mineral.  A.  third  of  a 
mile  north  of  Decaturville,  in  the  southwest  quarter  of  section  28,  is 
a  small  outcrop  of  Hannibal  shales  and  Sac  limestones  (Devonian). 
The  limestone  contains  cavities  filled  with  calcite  and  is  somewhat 
altered  structurally,  though  its  lithological  characters  serve  to  identify 
it  without  much  doubt.  The  shales,  presumably  the  Hannibal,  are 
greatly  altered  and  are  of  a  bright-yellow  color  and  of  a  soft,  clay-like 
texture.  The  blue  color  which  everywhere  else  characterizes  these 
shales  has  evidently  been  destroyed  by  the  heat  attending  the  uplift. 
In  the  valley  a  few  hundred  feet  to  the  south  is  a  tilted  outcrop  of 
greatly  altered  dolomitic  limestone,  which  is  doubtfully  referred  to 
the  Jefferson  City  limestone  (Second  Magnesian  of  Swallow),  or  pos- 
sibly to  the  First  Magnesian  of  Swallow.'*  As  far  as  the  writer  knows, 
these  are  the  highest  rocks  exposed  anywhere  in  this  county  or  the 
adjoining  counties  to  the  south.  It  is  significant  to  note  that  these 
upper  beds  retain  to  a  considerable  degree  their  dolomitic  character. 
In  other  words,  these  remnants  of  superincumbent  beds  have  not 
undergone  replacement  by  silicification,  as  has  been  the  case  in  lower 
beds,  which  will  be  described  later. 

There  is  evidence  of  two  distinct  periods  of  uplift,  both  of  which 
must  be  post-Devonian.  From  data  obtained  in  other  parts  of  the 
Southwest  it  is  presumed  that  the  first  uplift  was  post-Carboniferous, 
when  the  great  dome  of  the  Ozarks  was  first  elevated.     From  the 

oThe  above  locality  waa  recently  visited  by  Dr.  E.  O.  Ulrich  and  the  writer.  From  fossils  there 
obtained  Doctor  Ulrich  determined  that  these  beds  probably  belong  to  the  Richmond  formation 
of  the  OrdoYlcian. 
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obscure  evidence  furnished  by  the  lateral  anticlines  that  merge  into 
the  main  axis  of  the  Ozarks  at  divergent  angles — anticlines  which,  the 
writer  believes,  were  formed  in  post-Tertiary  time,  when  the  lead  and 
zinc  ores  of  the  Southwest  were  probably  deposited — he  would  date 
the  second  uplift  at  this  point  in  geological  time. 

In  passing  in  any  direction  outward  from  the  center  of  maximum 
disturbance  one  may  readily  note  that  the  rocks  tilt  less  and  less 
strongly  away  from  the  pegmatite  hill  (see  figs.  28, 29).**  This  is  strik- 
ingly shown  along  the  bluffs  of  Banks  and  Spencer  creeks. 

SPRINGS. 

From  what  has  been  said  it  is  evident  that  the  area  of  upturned 
strata  surrounding  the  pegmatite  hill — an  area  3  or  4  miles  in  diam- 
eter— forms  a  splendid  catchment  basin,  which  contributes  to  the 
supply  of  the  great  fountains  that  lie  in  the  surrounding  region. 
Studies  of  the  counties  adjoining  Camden,  particularly  on  the  west, 
northwest,  north,  and  northeast,  indicate  a  general  dip  of  the  strata 
toward  the  dome.  The  water  from  the  catchment  basin  around  the 
dome  therefore  meets  in  a  trough,  at  considerable  depth,  the  circula- 
ting water  derived  from  the  outside  area,  and  the  body  of  water  thus 
gathered  from  the  drainage  on  both  sides,  being  under  pressure,  is 
forced  up  to  the  surface.  Where  erosion  has  cut  sufficiently  deep  into 
the  valleys  of  the  Big  Niangua,  Osage,  and  Auglaize  rivers,  which  sur- 
round the  pegmatite  hill  on  the  west,  north,  and  east,  great  springs 
issue  at  a  distance  of  from  8  to  15  miles  from  the  granite  outf^rop. 
Along  the  course  of  Spencer  and  Banks  creeks,  which  drain  this  same 
territory  to  the  northwest,  numerous  small  springs  issue,  the  valleys 
not  being  cut  deep  enough  to  tap  the  larger  supplies  below. 

Bennett  or  Bryce  Spring. — The  springs  of  the  Decaturville  system 
will  be  taken  up  in  order  from  the  southwest.  The  first  and  largest 
of  the  group  is  the  Bennett  or  Bryce  Spring,  situated  on  the  west 
side  of  Dallas  County  near  the  Laclede  County  line,  in  sec.  1,  T.  34, 
R.  18,  at  an  altitude  *  of  940  feet,  150  feet  below  the  pegmatite  hill 
and  about  15  miles  southwest  of  it.  It  issues  from  the  lower  beds  of 
the  Gasconade  limestone,  the  Third  Magnesian  of  Swallow.  The  tem- 
perature of  the  spring  was  57.5°  F.  when  the  air  temperature  was 
86^  F.  Swallow,  who  visited  it  in  1853,  gives  the  temperature  of  the 
water  at  58°  F.  and  that  of  the  air  at  60°  F.  The  calculated  flow  was 
172,388,800  gallons  a  day,  but  Swallow's  figures  give  only  81,084,810 
gallons  a  day,  a  remarkable  variation  in  volume.     This  wonderful 

a  Except  at  a  point  10  miles  northeast  of  Decaturville,  in  the  SW.  \  of  T.  88,  R.  14,  where  the  rocks 
are  greatly  disturbed  and  tilted  along  a  northeast  and  southwest  axis.  Whether  this  is  a  continua- 
tion of  the  Decaturville  axis  or  not  can  not  be  determined  at  this  time. 

^All  the  altitudes  given  in  this  paper,  except  that  of  Lebanon,  were  determined  by  a  series  of 
barometric  obaervaUons  and  are  believed  to  be  approximately  correct. 
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spring  lies  in  a  narrow  valley  about  600  feet  wide.  It  boils  up  with 
great  force  from  a  vertical,  cave-like  opening  into  a  large  oval  basin 
(see  fig.  30).  The  spring  was  sounded  to  a  depth  of  22  feet.  Mr.  True- 
man  Atchley,  who  has  lived  near  it  for  many  years,  states  that  he  has 
seen  it  with  one-tenth  less  water  than  normal  and  once  3  feet  higher 
than  normal,  a  condition  which  would  give  it  twice  the  flow  above 
calculated.  The  channel  just  below  the  outlet  of  the  spring  has 
become  somewhat  filled  up  with  gravel,  so  that  the  water  surface  has 
been  raised  above  the  height  of  the  place  of  outlet.  Mr.  Atchley 
states  that  before  the  outlet  was  thus  choked  he  has  seen  the  spring  so 
low  that  he  could  walk  around  the  upper  portion  of  the  cave-like 
opening.     He  states,  also,  that  this  opening  descends  20  feet  vertically 


WEST. 


Fio.  30.— Diagrammatic  cross  section  of  Bennett  Spring. 

and  then  slants  southwestward  to  an  unknown  depth  at  an  angle  of 
40^  to  50^.  When  visited  by  the  writer  the  water  of  this  spring 
boiled  up  strongly  over  an  area  about  20  feet  in  diameter  and  to  a 
height  of  2  or  3  inches  above  the  general  level  of  the  pool.  The 
spring  forms  a  river  that  is  100  feet  wide  and  averages  H  feet  in 
depth,  with  a  rapid  current. 

Farther  west,  in  Dallas  County,  the  rocks  have  a  general  eastward 
dip.  To  the  southeast,  toward  the  town  of  Lebanon,  the  strata  are 
nearly  horizontal.  There  is  apparently  a  tendency  to  form  a  synclinal 
trough  at  this  point.**  The  water  from  the  catchment  basin  passing 
along  the  line  of  disturbance  extending  from  the  pegmatite  hill  to  the 
southwest,  through  the  lower  beds  of  the  Gasconade  limestone  (the 

a  There  seems  to  be  here,  as  elsewhere  in  the  Ozarks,  a  tendency  to  tondonal  strain,  or  twisting,  in 
the  flexures,  which  would  operate  to  elevate  the  area  to  the  south  and  depress  that  to  the  north. 
This  would  account  for  the  absence  of  springs  and  the  great  depth  of  water-bearing  strata  to  the 
south,  as  well  as  for  the  "extinct  spring"  at  the  Vernon  Sinlc,  and  the  immense  size  of  the  springs 
to  the  northwest. 
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Third  Magnesian  of  Swallow)  and  the  Third  sandstone  of  Swallow 
below,  meet  the  drainage  from  the  west  in  this  syncline,  and  the  body 
of  water  thus  gathered  is  forced  to  the  surface  through  a  crevice  that 
has  been  gradually  enlarged  by  continued  erosion.  A  year  ago  a  field 
was  plowed  just  above  this  spring,  and  a  heavy  freshet  washed  down 
a  large  quantity  of  gravel  which  partially  stopped  its  outlet.  For 
several  hours  the  water  pushed  itself  through  this  obstruction  in  great 
intermittent  jets,  3  or  4  feet  high,  with  a  noise  that  could  be  heard  a 
quarter  of  a  mile  away. 

Blue  Spring. — About  li  miles  north  of  this  point  is  Blue  Spring, 
situated  on  the  west  side  of  the  Niangua  River.  It  showed  a  tempera- 
ture of  69^  F.  when  the  air  temperature  was  70^  F.,  and  is  at  an  alti- 
tude of  about  900  feet.  It  issues  from  a  whitish,  clayey  sand,  and  is 
badly  choked  with  water  cress,  logs,  and  rubbish.  The  outcropping 
rocks  indicate  the  middle  or  lower  beds  of  the  Gasconade  limestone. 
It  has  a  flow  of  5,170,000  gallons  a  day. 

Sand  Spring. — About  a  quarter  of  a  mile  north  of  the  last  spring, 
on  the  same  side  of  the  river  and  in  the  same  geological  horizon,  is 
Sand  Spring,  at  about  the  same  altitude,  also  badly  choked  with  water 
cress,  and  with  a  flow  estimated  to  be  about  the  same  83  that  of  Blue 
Spring. 

Sweet  or  Big  Blue  Spring. — This  spring  is  in  the  northwest  corner 
of  Laclede  County,  in  the  NE.  i  of  the  NE.  i  of  sec.  30,  T.  36,  R.  17, 
at  an  altitude  of  about  850  feet.  The  temperature  of  the  water  was 
about  58^  F.  when  the  air  was  94^  F.  This  spring  issues  from  a  ver- 
tical cave  opening  at  the  base  of  a  bluflf  40  feet  high;  probably  the 
lower  or  middle  beds  of  the  Gasconade  limestone.  It  has  been  sounded 
to  a  depth  of  150  feet.  The  water  is  clear,  cold,  and  free  from  weeds. 
It  flows  a  distance  of  150  feet  westward  into  Niangua  River.  About 
50  feet  farther  north  Sweet  Branch,  a  small,  sluggish  stream,  empties 
into  the  Niangua.  Sweet  Spring  is  but  about  5  feet  above  the  level  of 
the  river  and  is  subject  to  overflow  at  every  rise  of  the  stream.  Situ- 
ated as  it  is,  at  the  junction  of  Sweet  Branch  and  the  Niangua,  it  is 
frequently  choked  with  sediment  from  these  two  streams.  Between 
the  spring  and  the  river  a  large  area  covered  with  treacherous  mud 
and  sand  indicates  that  the  basin  of  the  spring  was  once  much  larger 
than  it  now  is.  Farmers  in  the  vicinity  state  that  the  flow  has  decreased 
fully  one-half  within  the  last  few  years.  The  flow  was  calculated  at 
14,037,000  gallons  a  day.  This  spring  lies  just  north  of  the  extension 
of  line  of  disturbance  which  runs  southwestward  from  the  Decaturville 
uplift. 

Celt  Springs. — Situated  in  the  northeast  corner  of  Dallas  County,  7 
miles  northwest  of  Sweet  Spring,  are  found  three  large  springs  whose 
waters  unite  to  form  Mill  Creek.  These  were  not  visited,  but  they 
undoubtedly  belong  to  the  drainage  system  of  the  pegmatite  hill. 
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Hahdtonka  or  Gimter  Spring. — This  spring  is  situated  9  miles 
northwest  of  the  pegmatite  hill  in  Camden  County,  sec.  2,  T.  37, 
R.  17,  at  an  altitude  of  about  745  feet,  or  345  feet  below  the  height  of 
the  hill.  The  temperature  of  the  water  was  57^  F.  when  the  air  was 
ggo  p  rpjj^  spring  issues  from  the  foot  of  a  bluff  250  feet  high,  and 
after  running  for  about  800  feet  through  a  deep,  narrow  canyon 
whose  walls  rise  at  one  point  to  a  height  of  a  little  over  300  feet,  it 
empties  its  waters  into  an  artificial  lake,  covering  90  acres,  situated  in 
the  valley  of  the  Niangua.  A  small  island  about  100  feet  high  divides 
the  stream  near  its  outlet  into  the  lake.  The  scenery  in  the  vicinity 
of  this  spring  is  extremely  picturesque.  The  spring  has  been  sounded 
to  a  depth  of  about  40  feet,  at  which  point  the  conduit  bends  to  the 
south.  The  spring  has  its  source  in  the  Gasconade  limestone,  150  feet 
below  the  base  of  the  Moreau  sandstone  (Second  sandstone  of  Swallow). 
It  is  very  difficult  to  measure  the  flow  of  this  spring,  owing  to  the 
irregularities  of  the  stream.  The  writer  calculated  14,760  cubic  feet 
per  minute,  or  158,982,912  gallons  a  day.  A  Philadelphia  engineer 
estimated  13,800  cubic  feet  per  minute.  Professor  Shaw,  of  the  Engi- 
neering School  of  Missouri  State  University,  calculated  15,000  cubic 
feet  per  minute,  while  Colonel  Scott,  an  electrical  engineer  residin^^ 
at  Hahatonka,  obtained  the  same  result  as  Professor  Shaw.  The  dis- 
trict in  the  vicinity  of  this  spring  possesses  great  interest  both  from  a 
scenic  and  a  geological  standpoint.  Evidences  of  great  erosion  from 
underground  waters,  showing  former  outlets  of  this  great  spring,  are 
everywhere  seen.  At  one  time  it  doubtless  had  its  outlet  at  the  Big^ 
Bed  Sink,  one-half  mile  to  the  southwest.  A  few  hundred  feet  on  the 
other  side  of  the  bluff  from  which  the  spring  now  issues  is  a  sink,  150 
feet  deep  and  600  feet  long,  which  is  open  at  one  end  and  spanned  by 
a  great  natural  bridge.  This  undoubtedly  marks  an  old  cavernous 
channel  of  the  great  spring.  In  fact,  most  of  these  sinks  and  canyons 
mark  the  site  of  ancient  cavernous  outlets. 

OuUeii  Spring.— T\A^  spring  flows  out  of  a  bluff  of  Gasconade  lime- 
stone, about  1  mile  north  of  Hahatonka.  Its  water  is  clear  and  cold, 
and  its  flow  is  estimated  at  about  1,000,000  gallons  a  day. 

Moxdder  Spring.^ — In  the  northeast  quarter  of  sec.  18,  T.  38,  R. 
17,  about  4  miles  northwest  of  Hahatonka  and  about  12  miles  north- 
west of  Decaturville,  is  Moulder  Spring,  heading  in  a  ravine  about  li 
miles  long  that  extends  northward  from  Niangua  River.  The  spring 
boils  up  strongly  from  a  bed  of  coarse  gravel  25  feet  in  diameter,  and 
is  estimated  by  Colonel  Scott  to  be  about  one-sixth  the  size  of  Haha- 
tonka Spring.  It  issues  from  the  Gasconade  limestone,  and  has  its 
head  in  the  tilted  beds  which  surround  the  pegmatite  hill. 

Toronto  Springs. — At  Toronto,  6  miles  northeast  of  Montreal,  in 

a  The  writer  was  unable  to  visit  either  Moulder,  Cullen,  or  Toronto  springs,  all  probably  belon^ng 
to  this  system,  and  is  indebted  to  Colonel  Scott,  of  Hahatonka,  for  data  concerning  them. 
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the  SW.  i  of  the  NE.  i  of  sec.  25,  T.  38,  R.  15,  are  several  large 
springs  that  boil  up  with  great  force  out  of  gravelly  beds  in  the  Gas- 
conade limestone,  flow  eastward  a  short  distance,  and  empty  into 
Auglaize  River. 

Wet  Olaiee  Springs. — ^These  are  two  fine  springs  situated  in  the 
NE.  i  of  sec.  24,  T.  37,  R.  15,  about  8  miles  a  little  north  of  east 
of  Decaturville.  One  is  located  near  the  foot  of  a  bluff  of  Gasconade 
limestone  40  feet  high,  and  the  other,  which  is  the  larger  of  the  two,  is 
about  300  feet  farther  east,  rising  from  a  gravel  bed  at  about  the  same 
level.  A  dam  16  feet  high  forms  a  pond  of  about  10  acres,  which 
covers  these  two  springs.  As  the  pond  had  been  lowered  and  the 
gate  closed  just  before  the  writer  arrived  at  these  springs  it  was 
impossible  to  measure  their  flow,  but  from  what  could  be  learned  in 
regard  to  them  it  is  probable  that  their  capacity  is  about  40,000,000 
gallons  a  day.  As  described  by  their  owner,  they  both  boil  up  with 
considerable  force  out  of  gravel  beds,  rolling  and  tossing  up  large 
pebbles.  Their  location  can  be  marked  on  the  surface  of  the  pond 
from  the  disturbance  of  the  waters.  They  also  receive  their  supply 
from  the  catchment  basin  around  the  pegmatite  hill  and  the  cavernous 
Gasconade  limestone,  which,  with  the  Third  sandstone  of  Swallow, 
forms  a  great  reservoir  for  all  this  spring  system.  Their  altitude  is 
about  825  feet,  or  265  feet  below  the  outcrop  of  pegmatite. 

Camp  Ground  Spring. — ^This  spring  is  located  about  one-half  mile 
south  of  the  Wet  Glaize  Springs.  A  large  basin  has  been  hollowed 
out  from  the  side  of  the  hill  by  this  spring,  which  boils  up  from  a  bed 
of  gravel  in  a  remarkable  manner.  It  issues  from  a  number  of  holes 
about  5  inches  in  diameter,  raising  and  tossing  the  gravel  with  great 
force  and  making  the  surface  of  the  spring  somewhat  resemble  a  caul- 
dron of  boiling  water.  The  water  temperature  was  55^  F.  when  the 
air  was  84°  F.  The  flow  could  not  be  determined,  owing  to  the  masses 
of  water  cress  that  choked  the  outlet.  It  is  stated  that  it  takes  thirty- 
six  hours  after  a  heavy  rain  for  this  spring  to  show  an  increase  in  its 
flow. 

Armstrong  Springs. —These  are  situated  about  9  miles  a  little  south 
of  east  of  Decaturville,  and  are  at  an  altitude  of  about  895  feet. 

EUu  or  West  Sfmng.— Thin  is  located  in  the  NW.  i  of  the  NE.  i  of 
sec.  6,  T.  36,  R.  14.  The  temperature  of  the  water  was  56°  F.  when 
the  air  was  86°  F.  The  water  boils  up  powerfully  from  holes  in  the 
rock,  one  of  which,  3  feet  in  diameter,  has  been  sounded  to  a  depth  of 
30  feet.  A  bluff  of  Gasconade  limestone,  50  feet  high,  outcrops  just 
above  this  spring.  The  flow  was  calculated  to  be  19,112,896  gallons  a 
day.  About  12  hours  after  a  heavy  rain  the  volume  increases,  and  the 
waters  become  slightly  turbid. 

Liszie  or  East  Spring. — ^This  rises  from  a  deep,  narrow  gorge,  on 
the  side  of  the  valley  opposite  the  Ella  Spring.    Its  flow  was  estimated 
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to  be  about  3,000,000  gallons  a  day.     The  temperature  of  the  water 
was  56^  F.  when  that  of  the  air  was  90*^  F. 

SINKS. 

Vernon  Sinks. — About  8  miles  a  little  east  of  south  of  Decaturville 
are  several  sink  holes  of  considerable  interest.  These  lie  in  a  line  away 
from  the  pegmatite  outcrop,  in  sec.  18,  T.  35,  R.  15.  The  main,  or 
Vernon  Sink,  is  about  120  feet  in  diameter,  and  about  50  feet  deep  to 
the  water  level.  In  very  dry  times  the  water  level  sinks  40  feet  and 
exposes  a  cave-like  opening  that  extends  300  feet  or  more  on  an  incline 
due  west.  A  drill  well  was  sunk  about  200  feet  west  of  this  sink  to  a 
depth  of  60  feet,  and  reached  the  cave  opening.     A  pump  was  inserted, 


WEST ». 

Fig.  31.— Diagrammatic  cross  section  of  Vernon  Sink. 

and  the  water  obtained  is  constantly  used,  being  clear  and  cold  and 
never  muddy  or  turbid.  It  is  possible  that  this  may  be  the  mouth  of 
a  former  outlet  of  the  Decaturville  system  of  springs,  the  water  level 
standing  at  an  altitude  of  about  1,080  feet,  10  feet  below  the  catchment 
basin.  Some  of  the  enormous  springs  in  southern  Morgan  County, 
and  in  western  Miller  and  Pulaski  counties,  possibly  belong  to  this 
system,  and  will  furnish  interesting  material  for  future  study. 

ARTESIAN  WELLS. 

In  addition  to  the  springs  that  have  been  described,  artesian  wells 
may  be  expected  in  this  district  wherever  the  general  surface  of  the 
country  is  sufficiently  below  the  level  of  the  catchment  basins.  Mr. 
J.  N.  Kennett,  of  Decaturville,  sunk  a  drill  hole  300  feet  for  ore  one- 
third  of  a  mile  northeast  of  the  pegmatite  hill  and  40  feet  lower  than 
that  elevation.     A  weak  flow  of  water  was  struck  at  200  feet.     On  the 
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soath  edge  of  HahatODka  Lake,  Colonel  Kellogg  sunk  a  drill  hole  for 
mineral  to  a  depth  of  864  feet.  Water  rose  in  this  pipe  30  feet  above 
the  ground  and  threw  a  jet  6  feet  higher.  The  strong  flow  was  struck 
at  840  feet,  but  the  force  has  gradually  decreased  until  the  water  only 
flows  gently  over  the  pipe  at  the  surface  of  the  ground.  This  water 
is  slightly  charged  with  sulphuretted  hydrogen.  It  is  to  be  noted  that 
elsewhere  artesian  wells  from  this  formation  are  strongly  saline,  and 
highly  charged  with  sulphuretted  hydrogen,  the  absence  of  which  in 
this  r^on  is  significant  of  one  of  the  great  changes  wrought  by 
powerful  underground  drainage.  The  Rush  artesian  well,  on  the  west 
side  of  Banks  Creek,  about  2  miles  southwest  of  Htihatonka  and  at 
about  the  same  altitude  as  the  Kellogg  well,  was  sunk  to  a  depth  of 
780  feet.  Water  rises  30  feet  above  the  ground,  the  first  flow  having 
been  struck  at  630  feet.  The  water  temperature  is  59°  F.  when  the 
air  is  84^  F.  There  is  a  slight  odor  of  sulphur.  The  flow  of  this  well 
has  never  decreased.  The  Scott  well,  one-eighth  of  a  mile  north  of  the 
Rush  well,  on  Banks  Creek,  was  sunk  to  a  depth  of  740  feet.  The  first 
water  was  struck  at  680  feet,  and  it  flows  only  slowly  from  the  pipe  at 
the  surface  of  the  ground.  The  last  three  wells  all  passed  through 
beds  of  siliceous  limestone,  only  the  Kellogg  well  entering  sandstone 
(Third  sandstone  of  swallow)  to  a  depth  of  3  feet.  These  wells  show 
the  enormous  thickness  of  the  Gasconade  limestone  at  this  point. 
Another  artesian  well,  situated  in  the  big  bend  of  the  Osage,  in  the 
NW.  i  of  sec.  22,  T.  40,  R.  18,  was  sunk  to  a  depth  of  800  feet,  and 
obtained  a  strong  flow  of  water.  This  well  was  not  visited,  but  it 
probably  belongs  to  the  Decaturville  drainage  system. 

SURFACE  WATERS. 

The  region  around  Decaturville,  bounded  by  Bennett,  Sweet,  Haha- 
tonka.  Wet  Glaize,  and  Ai-mstrong  springs,  is  almost  destitute  of  sur- 
face water,  the  inhabitants  being  dependent  for  their  supply  upon  ponds, 
cisterns,  and  a  few  drilled  wells.  For  example,  Mr.  Haun,  who  lives 
between  Sweet  Spring  and  Decaturville,  drilled  130  feet,  and  has  only 
from  3  to  6  feet  of  water,  which  is  quickly  pumped  dry.  The  little 
town  of  Eldridge,  nearby,  is  wholly  dependent  on  cisterns  and  ponds 
for  water.  Mr.  F.  M.  Cossairt,  at  Chauncey,  Camden  County,  6  miles 
due  north  from  Decaturville,  sunk  a  well  144  feet  deep,  and  struck 
water  at  119  feet,  at  which  level  it  remains.  He  states  that  wells  in 
this  vicinity  reach  water  at  depths  ranging  from  100  to  125  feet,  and 
generally  have  to  go  to  sandstone.  At  Lebanon,  15  miles  due  south 
of  Decaturville,  in  a  well  sunk  to  a  depth  of  1,000  feet,  the  water 
stands  360  feet  below  the  surface.  About  5  miles  west  of  Lebanon, 
at  nearly  the  same  altitude,  a  fanner  sunk  a  well  420  feet  deep,  in 
which  water  stands  400  feet  below  the  surface.  A  pump  can  not 
lower  it. 


Digitized  by  VjOOQIC 


124  HYDROLOGY   OF   EA8TEBN   UNITED  STATES,  1904.       [wo.  110. 

OOlMPOSmON   OF  SPRING  WATERS. 

Partial  quantitative  analyses  of  a  number  of  the  springs  of  the 
Decaturville  system  show  a  nearly  uniform  composition  quite  similar 
to  that  of  the  Lebanon  ''Magnetic"  well,  except  in  a  slight  increase 
in  chlorides.^ 

The  following  is  the  analysis  of  the  Lebanon  well,  made  by  Mr. 
L.  G.  £akins,  of  the  U.  S.  Geological  Survey: 

Anatygis  of  xDoterfrom  Lebanon  toelL 

Parte  per 
million. 

Silica 11.2 

Alumina 32.0 

Sodium  chloride Trace. 

Magnesium  sulphate 6. 0 

Ferrous  carbonate Trace. 

Calcium  carbonate 81.1 

Magnesium  carbonate 52.8 

Sodium  carbonate 29. 1 

Total  solids 212.2 

Free  carbonic  acid 69.8 

CHEBT  BEDS. 

One  of  the  most  interesting  deductions  drawn  from  the  study  of  the 
underground  waters  of  this  region  is  their  probable  connection  with 
the  origin  of  the  enormous  beds  of  chert  that  occur  here.  Though 
this  point  can  be  but  briefly  touched  upon  at  this  stage  of  the  investi- 
gation, it  should  not  be  left  without  notice.  All  who  have  visited  this 
region  have  observed  its  wonderful  deposits  of  chert,  particularly  in 
the  Jefferson  City  and  Gasconade  limestones.  These  formations  are 
usually  largely  dolomitic,  particularly  the  Jeflferson  City  limestone, 
which  contains  large  masses  of  dolomite  (^'cotton  rock").  In  the 
district  surrounding  Decatui'ville,  however,  the  dolomite  is  almost 
entirely  absent,  and  beds  of  chert  seem  to  have  taken  its  place,  espe- 
cially above  and  below  the  sandstone  horizons.  The  chert  beds  are  of 
great  thickness,  and  are  composed  of  knotted,  irregular,  frequently 
lenticular,  sometimes  agatized,  shattered  masses.  Frequently  these 
shattered  masses  are  recemented  into  chert  breccias.  The  shattering 
and  cementing  by  resilicification  of  the  chert  beds  in  many  places  is 
another  evidence  of  the  second  uplift,  before  referred  to,  in  this  region. 

The  writer  has  long  believed  that  many  of  our  chert  deposits  have 
been  formed  by  replacement,  and  the  evidence  in  this  district  points 
strongly  to  this  conclusion.  Briefly,  it  may  be  stated  that  during  the 
period  of  the  uplift  of  the  pegmatite  boss,  the  great  heat  generated 

a  The  presence  of  sodium  carbonate  in  the  waters  of  this  di8trict--an  unusual  occurrence  elsewhere 
in  these  formations— is  significant  of  its  probable  source  from  the  albite  (soda  feldspar)  of  the  pegma- 
tite; and  the  same  fact  also  calls  attention  to  the  probable  magnitude  of  the  pegmatite  boas. 
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was  retained  by  the  superincumbent  beds  (since  eroded),  and  that  per- 
colating water,  intensely  heated,  aided  by  the  alkalies  derived  from 
the  decomposed  feldspar  and  lime,  dissolved  from  the  rocks  their 
silica,  which  gradually  replaced  the  lime  and  magnesia  in  the  dolomites 
and  converted  them  into  cherts.  This  replacement  seems  to  have  been 
especially  marked  above  and  below  the  siandstone  horizons — so  much 
so  as  to  make  it  very  difficult  to  separate  the  Moreau  sandstone  from 
the  Grasconade  limestone  below,  and  the  Gasconade  limestone  from 
the  Gunter  sandstone,  by  which  it  is  underlain,  for  the  reason  that  the 
Gasconade  limestone  merges,  through  massive  chert  beds,  into  the  sand- 
stone horizons,  both  above  and  below.  This  is  so  strikingly  the  con- 
dition in  Miller  County  that  State  Geologist  Buckley,  in  his  report 
on  Miller  County,  now  in  press,  includes  the  Moreau  sandstone  (Sec- 
ond sandstone  of  Swallow),  a  part  of  the  Jefferson  City  limestone 
(Second  Magnesian  of  Swallow),  and  part  of  the  Gasconade  limestone 
(Third  Magnesian  of  Swallow)  in  one  formation,  which  he  has  named 
the  St  Elizabeth  formation,  or  complex.^  It  will  be  noted  that  this 
special  chert  replacement  predominates  along  the  main  line  of  water 
flow  on  both  sides  of  the  sandstone  horizons. 

The  study  of  the  Decaturville  dome  has  led  the  writer  to  believe  that 
the  association  of  massive  chert  beds  with  several  other  great  spring 
districts  in  the  Ozarks  has  a  deeper  significance  than  that  which  is 
usually  recognized  in  considering  these  beds  as  merely  the  reservoirs 
or  channels  for  the  distribution  of  underground  waters,  and  it  is 
hoped  that  this  brief  sketch  may  throw  some  light  on  the  origin  of  the 
chert  beds,  as  well  as  emphasize  the  importance  of  underground  drain- 
age as  a  geologic  agent. 

•See  alto  Biennial  Report  of  the  State  Geologist  of  Miflsouri  to  the  Forty-second  Oeneral  Assembly, 
Jeftenon  City,  1908,  p.  14. 
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WATER  RESOURCES  OF  FORT  TICONDEROGA 
QUADRANGLE,  VERMONT  AND  NEW  YORK. 


By  T.  Nelson  Dale. 


INTRODUCTION. 


Geography, — ^The  Fort  Ticonderoga  quadrangle  i^  located  on  the 
Vermont-New  York  boundary  line,  about  midway  of  the  length  of 
Vermont.  Three-fourths  of  its  area  is  in  Vermont  and  the  remainder 
in  New  York.  It  comprises  four  small  quadrangles — the  Ticonderoga, 
Brandon,  Whitehall,  and  Castleton — each  of  which  contains  about  225 
square  miles.  The  area  includes  considei*able  portions  of  Rutland  and 
Addison  counties,  Vermont,  and  of  Essex,  Warren,  and  Washington 
counties.  New  York.  The  principal  towns  are  Ticonderoga  and  White- 
hall in  New  York,  and  Proctor,  Brandon,  Poultney,  Fair  Haven,  and 
West  Rutland  in  Vermont. 

Relief. — The  relief  of  the  region  varies  from  an  altitude  of  100  feet 
near  the  shores  of  Lake  Champlain  to  over  2,700  feet  a  few  miles 
southwest  of  West  Rutland.  Roughly  it  may  be  divided  into  three 
belts— an  eastern  belt  lying  mainly  east  of  a  line  extending  from  East 
Middlebury,  through  Bomoseen  Lake,  to  Poultney;  a  middle  belt 
lying  between  the  eastern  belt  and  Lake  Champlain,  and  a  western 
belt,  west  of  Lake  Champlain.  The  first  includes  the  northern  end  of 
the  Taconic  Range,  which  consists  of  high,  irregular  ridges  and  isolated 
hills,  several  points  of  which  reach  2,000  feet  or  more,  and  one,  Her- 
rick  Mountain,  rises  to  over  2,700  feet.  It  includes  also  in  its  northern 
half  a  part  of  the  west  side  of  the  Green  Mountain  Range,  consisting 
of  ridges,  with  Mount  Moosalamoo  rising  to  over  2,600  feet.  In  the 
second  belt  the  land  generally  varies  from  100  to  1,000  feet  in  altitude. 
Many  extensive  terraces  are  developed  at  altitudes  between  300  and 
550  feet.  Above  these  many  hills  rise  to  a  level  of  1,000  feet  or  more 
Much  of  the  area  is  covered  by  a  considerable  thickness  of  drift  which 
has  much  modified  the  topography  of  the  region.  The  third  belt  is 
mountainous,  with  maximum  elevations  varying  from  1,400  feet  in  the 
northern  part  of  the  area  to  1,900  feet  in  the  southern  part.  The 
major  features  of  the  topography  are  due  to  rock  structure  or  compo- 
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sition,  but  some  are  due  to  ice  action  or  to  Glacial  or  post-Glacial 
deposits. 

Drainage,— The  drainage  of  the  southern  half  of  the  area  is  west- 
ward to  Lake  Champlain  and  then  northward  to  the  St.  Lawrence. 
In  the  northern  half  it  is  northward  by  Lake  Champlain  and  Otter 
Creek.  Two  other  considerable  streams — the  Middleburv  and  Leices- 
ter rivers — besides  Mill  Brook,  a  smaller  stream  farther  south,  issue 
from  the  mountains  and  empty  into  Otter  Creek.  These  streams  drain 
a  considerable  region  lying  east  of  the  quadrangle,  and  comprise  the 
output  of  innumerable  forest  springs  and  rivulets. 

WATER  SUPPLIES. 

GeneraJ  amditioiis. — The  southern  half  of  western  Vermont  is  gen- 
erally well  watered,  both  because  of  a  copious  rainfall  and  because  of 
the  presence  of  two  mountain  ranges — the  Taconic  on  the  west  and  the 
Green  Mountain  on  the  east — which  are  both  well  wooded  and  drained 
by  numerous  brooks.  As  the  Taconic  Range  ends  in  about  the  center 
of  the  quadrangle,  one  of  the  chief  sources  of  water  supply  there 
ceases,  the  conditions  becoming  very  different  farther  northward. 

The  western  border  of  the  Green  Mountain  Range,  with  the  excep- 
tion of  certain  deforested  tracts  in  Goshen  and  minor  clearings  in 
Ripton,  is  densely  forested,  and  is  therefore  rich  in  springs  and  brooks, 
so  that  the  question  of  water  supply  in  the  eastern  third  of  the  quad- 
rangle is  rarely  a  serious  one.  In  fact,  no  one  familiar- with  this  area 
can  fail  to  be  impressed  with  the  abundance  and  purity  of  the  water. 

Cold  springs  and  hrooks, — Some  of  the  water  is  unusually  cold. 
About  three-fourths  of  a  mile  southwest  of  Brandon  village  is  a  well 
dug  in  a  mass  of  glacial  gravel,  the  pebbles  of  which  are  cemented 
together  by  calcium  carbonate,  forming  a  quasi  conglomerate.  This 
well  has  long  attracted  attention  on  account  of  the  very  low  tempera- 
ture of  its  water  throughout  the  summer  months,  and  has  also  been 
investigated  by  geologists."    It  is  known  locally  as  ''the  frozen  well." 

As  pertinent  to  this  subject,  although  belonging  to  the  Mettawee 
quadrangle,  the  following  data  are  added:  Three-fourths  of  a  mile 
northwest  of  the  top  of  Dorset  Mountain  and  1,700  feet  below  it,  in  the 
township  of  Danby,  is  a  brook  of  crystal  purity,  in  which  the  tem- 
perature on  September  22, 1891,  was  but  little  above  that  of  ice  water. 
As  the  top  of  Dorset  Mountain  is  only  3,804  feet  high  the  following 
explanation  was  adopted:  The  summits  of  the  Taconic  range  usually 
consist  of  shattered  schist  ledges  covered  with  thick  moss  and  forest. 
Ice  formed  between  the  blocks  in  winter  may  be  protected  by  the  dense 
vegetation  and  may  be  the  source  of  such  ice-water  brooks.  Ice-water 
springs  also  occur  occasionally  at  the  foot  of  exposed,  sun-heated  slate- 
quarry  dumps   in  Washington  County,  N.  Y.,  in  places  where  no 

a  See  Hitchcock  and  Eager,  Kept.  Geol.  Vermont,  vol.  1,  1861,  pp.  192-208. 
1KB  110-05—9  -^  T 
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mountain  dminage  could  possibly  come.  These  springs  also  maintain 
a  low  temperature  throughout  the  hot  summers.  Another  brook  of 
low  temperature,  known  as  Cold  Brook,  occurs  3i  miles  southeast  of 
Dorset  Mountain,  in  Dorset  Hollow.  On  July  20,  1900,  a  very  hot 
day,  it  was  cold  enough  to  form  a  mist  about  itself.  It  issues  from 
a  limestone  cave,  through  which  its  course  lies  for  one-half  to  one- 
fourth  of  a  mile,  and  which  is  at  times  presumably  more  or  less  filled 
with  snow  or  ice. 

T(nvn  supplier. — Because  of  the  vitiation  of  the  water,  owing  to  the 
building  of  towns,  as  in  the  cjise  of  the  portion  of  Otter  Creek  below 
Rutland  and  Proctor,  streams  are  no  longer  safe  sources  of  drinking 
water.  This  has  been  amply  demonstrated  by  the  prevalence  of 
typhoid  at  Middlebury,  just  north  of  this  quadrangle,  as  long  as  Otter 
Creek  water  was  used,  and  by  its  cessation  as  soon  as  that  use  ceased. 
Where  springs  or  brooks  are  not  available,  shallow  wells,  especially  in 
the  lowlands,  usually  obtain  sufficient  supplies.  The  practical  utiliza- 
tion of  springs  as  a  source  of  water  suppl}'^  has  been  demonstrated 
within  a  few  years  at  two  points  north  and  south  of  this  quadrangle. 
Water  has  been  brought  from  a  spring  on  Niquaket,  a  mountain  a 
mile  north- northeast  of  the  southeast  corner  of  the  quadrangle,  through 
pipes  for  a  distance  of  over  4  miles  to  the  village  of  Pittsford,  which 
is  located  on  a  sandy  terrace  180  to  150  feet  above  Otter  Creek.  A 
similar  system  now  supplies  the  village  of  Middlebury  with  water  from 
a  spring  on  the  Green  Mountain  range.  But  for  the  use  of  Silver 
Lake  (altitude  1,241  feet)  as  a  summer  resort,  it  would  be  admirably 
adapted  for  a  similar  purpose,  as  it  is  a  natural  reservoir  fed  by  forest 
mountain  springs. 

Geology  of  the  supplier, — The  geologic  structure  of  Otter  Creek 
valley  seems  unfavorable  for  artesian  wells  because  the  marble  and 
dolomite  beds,  which  underlie  it«  gravel  and  clay,  generally  lie  in  small 
and  overturned  folds.  It  is  possible,  however,  that  borings  which 
should  penetrate  that  formation  (1,000  feet  or  more  thick)  and  the 
underlying  quarzite  and  schist  (1,600  feet  or  over)  to  the  basal  gneiss 
of  the  Green  Mountain  range  (pre-Cambrian)  might  l)e  productive. 

There  is  a  longitudinal  belt  about  7  miles  wide,  measured  westward 
from  the  foot  of  the  Green  Mountain  range,  underlain  by  dolomite  and 
marble,  in  which  any  wells  reaching  those  beds  would  inevitably  fur- 
nish water  more  or  less  calcareous.  There  are  also  on  the  Green 
Mountain  range  areas  of  dolomite  which  would  have  a  like  effect. 
Such  an  area  covers  about  6  square  miles  at  the  southeast  corner  of  the 
quadrangle.  A  narrow  strip  of  dolomite  extends  also  5  miles  from 
Sucker  Brook  south,  inclosing  Silver  Lake,  and  must  needs  add  a 
small  percentage  of  lime  to  the  tributaries  of  Mill  and  Sucker  brooks. 
The  rocks  of  the  Green  Mountain  range,  with  rare  intercalations  of 
dolomite,  are  in  other  places  quartzose,  micaceous,  and  feldspathic,  and 
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are  thus  adapted  to  furnish  the  very  best  of  water,  except  where 
springs  or  brooks  drain  extensive  swamps  and  add  organic  matter. 
The  occasional  disappearance  of  brooks  into  caves  in  the  limestone 
areas  is  a  factor  which  should  be  taken  into  consideration  in  some  of 
the  hydrographic  problems. 

In  the  lower  levels  of  the  towns  of  Orwell,  Whiting,  and  Cornwall, 
along  the  western  edge  of  the  quadrangle,  plastic  clays,  which  prob- 
ably formed  the  sea  bottom  of  the  Lake  Champlain  region  during  the 
''Champlain  submergence,"  introduce  conditions  very  different  from 
those  prevailing  along  the  foot  of  the  Green  Mountain  range,  where 
the  superficial  deposits  are  generally  more  sandy.  The  effect  of  these 
impervious  clays,  together  with  that  of  deforestation  in  the  last  gener- 
ation or  two,  has  been  to  bring  about  great  scarcity  of  water.  This 
is  very  apparent  in  the  northern  part  of  the  middle  belt,  where  driven 
wells,  reaching  to  or  into  the  shales  underlying  the  clays  and  oper- 
ated b}'  windmills,  are  a  necessity  on  many  farms,  and  where  the  rarity 
of  public  watering  troughs  on  the  highways  is  as  marked  as  the 
poverty  of  the  brooks. 

Water  pmner. — East  Middlebury  River,  Mill  Brook,  and  Leicester 
River  have  long  been  utilized  in  a  small  way  for  driving  sawmills  and 
other  wood-working  machinery,  etc.  The  fall  of  all  these  streams  is 
considerable.  Middlebury  River  falls  517  feet  between  Ripton  and  E^t 
Middlebury,  a  distance  of  not  quite  3  miles.  Leicester  River,  the  out- 
let of  Lake  Dunmore,  falls  171  feet  in  its  course  of  1^  miles  from  the 
lake  to  Salisbury  village.  Mill  Brook  falls  636  feet  between  Goshen 
and  Forestdale,  a  distance  of  3  miles.  Besides  the  above,  and  as  yet 
not  utilized  for  power,  there  is  Sucker  Brook,  which  has  a  fall  of  529 
feet  in  a  distance  of  \\  miles  above  Lake  Dunmore.  Silver  Lake,  the 
outlet  of  which  flows  into  Sucker  Brook,  is  670  feet  above  Lake  Dun- 
more. The  narrow  gorges  through  which  these  streams  flow  and  their 
greatly  swollen  condition  in  spring  offer  difficulties,  however,  which 
must  be  considered  in  any  scheme  for  their  complete  utilization. 
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RANGLE, NEW  YORK,  MASSACHUSETTS, 
VERMONT." 


By  F.  B.  Taylor. 


INTRODUCTION. 


Ge(Hjraphy, — The  center  of  the  Taconic  quadrangle  falls  ahnost 
exactly  on  the  point  at  which  the  States  of  New  York,  Massachusetts, 
and  Vermont  come  together.  The  area  included  is  about  35  miles  long 
from  north  to  south,  and  20  miles  wide  from  east  to  west,  containing 
a  little  over  900  square  miles.  The  region  lies  mainly  in  Rensselaer 
County,  N.  Y.,  Berkshire  County,  Mass.,  and  Bennington  County, 
Vt.  North  Adams,  Mass.,  Bennington,  Vt.,  and  Hoosick  Falls,  N.  Y., 
are  the  leading  towns. 

Relief,  -All  of  the  land  of  the  quadrangle  is  moderately  high,  except 
along  the  larger  streams,  where  it  is  sometimes  as  low  as  350  feet 
above  sea  level.  The  area  is  mountainous,  except  in  the  western  third, 
the  ranges  having  a  trend  a  few  degrees  east  of  north.  The  principal 
mountain  masses  are  the  Hoosac  on  the  east,  rising  to  a  maximum 
height  of  about  2,800  feet.  Grey  lock,  and  the  Green  Mountains  in 
western  Massachusetts  and  Vermont,  rising  to  heights  of  from  2,500  to 
3,700  feet,  and  the  Taconic  Mountains,  along  the  New  York  boundary 
line,  rising  from  2,200  to  2,800  feet.  The  western  third  of  the  quad- 
rangle partakes  of  the  nature  of  a  compound  plateau,  the  northern 
Ijoiliion  standing  at  an  altitude  of  from  800  to  1,200  feet,  and  the 
southern  at  from  1,500  to  1,800  feet.  The  topographic  expression  of 
the  region  depends  to  a  considerable  degree  upon  the  structure  and 
composition  of  the  rocks. 

Drainage, — ^The  drainage  of  nearly  the  entire  area  of  the  quadrangle 
is  by  the  Hoosic  River  northwestward  to  the  Hudson  River  alx)ve  Troy. 
A  small  area  in  the  southwest  portion,  however,  drains  southwestward 
to  the  Hudson,  25  miles  below  Albany. 

WATER   RESOURCES. 

SURFICIAL  WATERS. 

The  surface  waters  include  all  the  ruimingand  ponded  surface  waters 
which  result  from  rains  and  melting  snows  or  which  are  fed  by  springs. 

"The  field  work  oti  the  surficial  geology  of  this  quadrangle  i«  only  about  half  completed,  the  unfin- 
hihed  part  being  confined  mainly  to  the  western  half.  The  conditions  as  regards  water  supply  are, 
however,  much  the  same  ttxroughout  the  area. 
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Rainfall. — The  mean  annual  rainfall  of  this  area  is  al)oiit  42  inches, 
but  the  rainfall  varies  by  35  to  4()  i^r  cent  of  this  amount  between 
extremes  in  different  years. 

Water  j)otrer, — The  relief  of  this  area  is  considerable,  the  altitudes 
ranging  from  3,764  feet  above  tide  on  Glastenbury  Mountain,  and 
3,505  feet  on  Greylock  Mountain,  to  about  300  feet  above  tide  on 
Uooeic  River,  where  it  passes  out  of  the  quadrangle.  Man}^  of  the 
smaller  streams  descend  1,500  to  2,000  feet  in  a  few  miles  and  afford 
excellent  opportunities  for  the  development  of  small  water  powers. 
The  mountains  are  mostly  forest  clad,  so  that  the  run-off  of  rain  water 
is  somewhat  checked  and  opportunity  is  afforded  for  its  absorption 
into  the  glacial  drift,  and  to  some  extent  into  the  rocks.  The  drift, 
though  patchy  and  irregular  in  thickness  and  distribution,  covers  most 
of  the  surface,  except  the  steep  slopes  and  the  highest  knobs  and  ridges. 
In  a  general  way  the  drift  is  slightly  coarser  and  more  porous  on  the 
moQDtains  than  in  the  valleys.  The  rocks — mainly  gneisses,  quartzites, 
and  schists  in  the  mountains — are  not  of  themselves  porous  enough 
to  absorb  much  water,  but  they  are  cut  by  numerous  joint  cracks,  and 
some  of  the  rainfall  finds  its  wa}'^  into  these,  from  which  it  issues  in 
springs.  The  great  number  of  perennial  mountain  brooks  shows  that 
the  drift  and  the  rocks  are  effective  reservoirs  for  water  storage. 

The  Hoosic,  the  largest  river,  crosses  the  quadrangle  diagonally  from 
southeast  to  northwest.  It  descends  within  the  area  from  an  altitude 
of  about  1,100  feet  above  tide  to  300  feet.  The  principal  water  powers 
on  this  river  are  at  Adams,  North  Adams,  and  Hoosick  Falls,  though 
there  are  several  others  at  smaller  villages,  such  as  Cheshire,  Brayton- 
ville,  Blackinton,  Williamstown  Station,  and  North  Pownal.  The 
other  principal  water  powers  in  this  area  are  on  the  Walloomsac  at 
Benaington,  Papermill  Village,  and  North  Hoosick;  on  Paran  Creek  at 
North  Bennington;  on  Green  River  at  Williamstown,  and  on  the  north 
branch  of  the  Hoosic  at  Briggsville  and  in  North  Adams.  Small  pow- 
ers are  also  used  at  Hancock  and  Garfield  on  Kinderhook  Creek,  at 
Berlin  and  Petersburg  on  the  Little  Hoosic,  and  at  South  Shaftsbury 
on  P&ran  Creek.  Besides  these  there  are  a  great  many  smaller  devel- 
opments of  power  for  private  use  in  all  parts  of  the  area.  Many 
farmers  utilize  brooks  for  power  to  run  dairy  and  grinding  machinery. 
The  demand  for  power  on  the  rivers  is  greater  than  the  supply,  so  that 
even  when  the  streams  are  at  more  than  their  average  volume  the  sup- 
ply is  insuflScient  for  the  mills  of  the  larger  towns.  In  dry  seasons 
the  supply  is  much  reduced,  but  does  not  fail  altogether. 

Lakes  and  ponds. — Natural  ponds  are  not  so  numerous  in  this  area 
as  in  some  other  parts  of  New  England.  There  are  about  30,  large 
and  small,  shown  on  the  map,  and  some  artificial  ones  also.  Only  two 
or  three  are  as  long  as  1  mile.  The  largest  is  Pontoosuc  Lake,  on  the 
southern  boundary,  but  this  lies  mostly  outside  of  the  quadrangle  and 
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its  outlet  is  southward.  The  level  of  many  ponds  has  been  raised  by 
dams  so  as  to  increase  their  capacity  as  reservoirs,  and  other  reservoirs 
have  l^en  made  by  damming  narrow  valleys.  The  largest  reservoir, 
which  is  just  south  of  Cheshire,  is  3  miles  long  and  one-fourth  to 
one-third  of  a  mile  wide. 

City  aixd  domestic  water  supplies. — So  far  as  known  all  the  cities  and 
most  of  the  villages  get  their  water  supply  from  mountain  brooks. 
Some  farmers  get  their  water  from  brooks,  but  most  of  them  derive 
their  supply  from  springs. 

UNDERGROUND  WATERS. 

Except  so  far  as  revealed  by  springs,  nothing  is  known  of  the 
distribution  or  quality  of  the  underground  waters  of  this  area.  The 
water  of  the  mountain  springs,  whether  issuing  from  drift  or  from  the 
rock,  is  generally  of  excellent  quality.  No  bored  wells  have  yet  been 
noted  within  the  area  and  dug  wells  are  few.  Those  seen  were  all 
sunk  into  the  drift,  generally  to  depths  less  than  20  feet.  In  the  rela- 
tively low  area  north  and  west  of  Bennington  and  Hoosick  Falls  wells 
are  probably  more  common,  but  mast  of  this  area  remains  to  be 
investigated.  In  a  general  way  the  character  of  the  rocks  and  the 
geologic  structure  seem  to  afford  no  certain  promise  of  success  in 
boring  artesian  or  flowing  wells.  The  artesian  wells  at  Dalton,  a  few 
miles  south  of  this  quadrangle,  appear  to  flow  from  a  great  fault  crack 
which  was  struck  accidentally  by  an  experimental  boring. 

Miiwral  sjrt^ings, — The  only  important  mineral  spring  thus  far  noted 
is  Sand  Spring,  on  the  north  side  of  Broad  Brook,  about  H  miles 
north-northwest  of  Williamstown  station.  The  following  information 
relating  to  this  spring  was  obtained  from  Dr.  S.  Louis  Lloyd,  who 
owns  the  spring  and  runs  a  sanitarium  and  l)aths  at  that  place.  The 
spring  boils  up  through  white  sand  and  flows  4(K)  gallons  a  minute 
without  noticeable  variation,  even  during  periods  of  extreme  drought. 
The  temperature  of  the  water  is  76^  F.  winter  and  summer.  Its 
purity  and  mineral  contents  give  it  valuable  medicinal  properties  for 
both  drinking  and  bathing.  A  circular  issued  by  the  proprietor  gives 
the  following  analyses,  made  by  Leverett  II.  Mears,  professor  of 
chemistry  in  Williams  College: 

Chemical  analifms  of  water  of  Sand  Sprinffx. 

Parte  per  100.000. 

Lithium  chloride 0. 0:i53 

Smliuiu  chloride 0768 

Acid  calcium  carbonate 3. 2249 

Acid  magnesium  carlx)nate 2. 6479 

Calcium  sulphate 7262 

Aluminum  sesquioxide 0325 

Iron  8t»8quioxide 0075 

Silica 7026 

Sodium  carbonate 4641 

7.9178 
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Sanitary  analyt^iK 

PartH  j>or 
100.000. 

Color,  o<ior  and  sediment None 

Total 12. 6200 

Solids   Volatile 2.4600 

Fixed 1 0. 1 600 

Chlorine 1300 

Ammonia,  free 0000 

Ammonia,  albuminoid 0018 

Nitrogen  as  nitrites 0000 

Nitrogen  as  nitrates 0152 

(ias  analysis. 

Carbon  dioxide 30 

Oxygen 11.34 

Nitrogen 88.  36 

This  spring  issues  from  the  drift-covered  slope  north  of  Hoosio 
River  and  stands  somewhat  more  than  100  feet  above  it.  It  appears 
to  lie  almost  directly  in  line  with  a  prominent  fault  which  runs  north 
and  south  along  the  east  side  of  Mason  Hill  in  Vermont,  emerging  a 
little  more  than  a  mile  south  of  the  point  where  the  fault  passes  from 
view  under  the  drift.  Considering  its  relatively  high  tempemture,  its 
constancy  of  volume  and  temperature,  and  its  mineral  properties,  it 
seems  probable  that  the  water  of  this  spring  comes  from  the  fault  and 
hence  from  a  de(»p-seated  source. 

There  may  be  other  mineral  springs  in  the  quadrangle,  but  none  are 
known  at  present. 

INFLUENCE   OF  WATER  SUPPLY   ON   SETTT.EMEXT. 

The  presence  of  water  power  has  been  the  main  influence  in  locating 
the  cities  and  villages  of  this  area.  Four  cities — Adams,  North  Adams, 
Hoosick  Falls,  and  Ifennington — all  owe  their  location  to  this  cause,  and 
the  positions  of  most  of  the  villages  have  been  determined  by  the  same 
influence.  Farmhouses  in  this  area  are  usually  located  with  reference 
to  convenience  of  access  to  some  spring  or  brook.  The  area  is  com- 
paratively poor  in  agriculture.  Except  in  the  northwestern  part,  the 
valleys  are  narrow  and  the  hill  faiTns  are  generally  stony  and  barren. 
With  the  decline  of  agriculture,  farmers  had  to  find  other  ways  of  mak- 
ing a  living.  Many  of  them — the  hill  farmers  especially — have  met  the 
difficulty  by  keeping  ''city  boarders,''  and  most  of  them  have  found  it 
profitable,  as  is  abundantly  proved  by  the  better  appearance  of  their 
places.  The  region  is  justly  famed  as  a  summer  and  autumn  resort 
for  health  and  pleasure,  and  the  prosperity  of  a  considerable  part  of 
\X»  population  depends  much  upon  the  annual  coming  of  visitors.  Pure 
drinking  water  and  the  scenic  charms  of  clear,  rapid,  mountain  brooks 
constitute  important  factors  among  the  many  attractions  that  dmw 
summer  visitors  to  this  region. 
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WATER  RESOURCES  OF  THE  WATKINS  GLEN 
QUADRANGLE  NEW  YORK. 


By  Ralph  S.  Tarr. 


LOCATION   AND   DRAINAGE. 

The  Watkins  Glen  quadrangle  is  located  in  south-central  New  York, 
and  includes  the  areas  mapped  on  the  Elniira,  Waverly,  Watkins,  and 
Ithaca  topographic  sheets  of  the  United  States  Geological  Survey. 
In  it  are  located  Elmira,  Ithaca,  and  a  number  of  smaller  cities  and 
towns.  It  is  crossed  by  a  portion  of  the  divide  that  rises  between  the 
Oswego  and  Susquehanna  drainage  systems,  and  includes  some  of  the 
headwaters  of  each  system.  Chemung  River  crosses  the  Elmira  and 
Waverly  quadrangles  in  the  southern  part  of  the  area,  carrying 
through  F^lmim  the  drainage  of  2,055  square  miles  of  country.  Next 
in  size  to  the  Chenmng  Valley  are  the  two  northward  sloping  valleys 
occupied  by  Cayuga  and  Seneca  lakes,  with  drainage  areas  of  1,598 
and  707  square  miles,  respectively.  Throughout  the  quadrangle  one 
effect  of  glaciation  has  been  to  cause  changes  in  divides^  which  have 
turned  streams  from  one  drainage  area  into  another.  As  a  result, 
many  of  the  streams  flow  in  valleys  that  are  out  of  proportion  to  the 
volume  of  water  they  carry;  some  large  valleys  contain  small  streams, 
some  large  streams  flow  in  small.valleys.  This  condition  has  an  impor- 
tant bearing  on  the  distribution  of  underground  water,  whose  direc- 
tion of  movement  may  consequently  often  be  directly  opposite  to  that 
of  the  surface  water. 

None  of  the  streams  of  this  area  are  of  value  in  navigation;  but  the 
Chemung  Valley  was  the  site  of  a  cunal,  now  abandoned  after  having 
been  operated  at  a  loss.  Both  Cayuga  and  Seneca  lake^*  are  seats  of 
navigation,  but  this  shared  the  decline  of  the  Erie  Canal,  with  which 
the  lakes  are  connected  by  short  branch  canals.  Many  hydrographic 
problems  connected  with  these  lakes  have  not  yet  been  investigated. 

The  overdeepening  of  the  two  lake  valleys,  possibly  by  ice  erosion, 
has  left  the  tributaries  hanging  far  above  the  level  of  the  lakes.  In 
descending  to  lake  level  the  tributaries  therefore  have  high  grades, 
and  in  the  short  time  !:>ince  the  Glacial  epoch  have  been  unable  to  do 
more  than  form  steep-walled  gorges  through  which  the  water  flows  in 
a  series  of  rapids  and  falls.  These  gorges,  falls,  and  rapids  are  exceed- 
ingly picturesque,  and  in  the  case  of  Taghanic  Falls,  Watkins  Glen, 
and  Havana  Glen,  have  won  wide  reputations.  The  water  power  of 
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some  of  these  streams  Ls  iised  for  running  grist  and  other  mills;  that 
of  Fall  Creek  furnishes  power  for  generating  the  electricity  used  at 
Cornell  University  and  gave  opportunity  for  the  construction  of  the 
hydraulic  laboratory.  Through  general  deforesting  the  value  of  the 
streams  for  purposes  of  power  is  decreasing. 


WATER  SUPPLY.^ 

The  surface  streams  are  used  by  the  towns  in  the  area  as  a  source 
of  municipal  water  supply,  in  some  cases,  as  at  Ithaca  and  Elmira, 
after  tiltration.  The  need  of  such  filtration  was  forcibly  impressed 
upon  the  people  of  Ithaca  by  an  epidemic  of  typhoid  fever  in  1903, 
which  resulted  from  the  pollution  of  creek  water,  then  supplied  unfil- 
tered.  All  the  surface  waters  are  notably  hard,  as  the  following 
anah'ses  show.  The  hardness  results  from  the  solution  of  lime  and 
other  salts  from  the  shales  and  from  the  glacial  de|K)sits,  which  consist 
in  large  measure  of  ground-up  shale  and  limestone.  So  much  lime  is 
at  times  carried  in  solution  that  springs,  on  emerging,  precipitate  it, 
forming  deposits  of  calcareous  tufa. 

The  condition  of  this  surface  water  is  clearly  illustrated  by  the 
following  analyses  of  two  creeks  whose  mouths  only  are  within  the 
Watkins  quadrangle,  but  whose  waters  have  been  studied  with  especial 
care,  because  of  their  relation  to  the  Ithacan  water  supply. 

JiesuUn  of  examincUUm  of  water  from  Fall  Creek  at  Ithaca. 
[Parts  per  million.    Prof.  E.  M.  Chamot,  analyst.] 


Date. 


Turbid- 
ity-. 


1903. 


Febraary  IS  . 
February  14  . 
February  16  . 
February  17  . 
Febniarv  18  . 


Color. 


85.00 
55.00 
33.00  I 
18.00 
24.00  I 

Ffebmaryl9 1      22.00 

October:  *>  | 

Maximum 

Minimum 

NoTember  h 

Maximum 

Minimum 

Deremberrfc 

Maximum 

Minimum 


42.00 
.25  ' 


10.00 


Nitrogen  f 


Albu- 
minoid 

am- 
monia. 


0.071 
.071 
.078 
.OW 
.082 
.082 


Free 
am- 
monia. 


Ni- 
trites. 


.25 


l.OO  I 
.20 


150.00 
13.00 


104.00 
13.00 


25.00 
6.00  I 


O.OSl  I 
.031  ; 
.023  i 
.028  ! 
.016  I 
.023 


Tr. 

Tr. 

Tr. 

0.002 
.002 
.002 


Ni- 
trates. 


2.08 

1.82 

1.54 

1.85 

1.818 

1.667 


I 
Hard- 
Chlo-i    nes8 
rine. '  (alka-  'diox- 
linity).   ide. 


Car- 
bon 


I 


2.25 
1.26 
1.50 
1.60 


66.8 
80.1 

80.1 
84.7 

103.0 
55.0 

108.8 
68.8 

115.0 
87.5 


1.24 
2.24 
1.714 
2.19 


a  I  talce  pleamire  in  acknowledging  the  aaristance  of  Mr.  I^awrenee  Martin  in  obtaining  dat^i  con- 
cerning the  water  re««ource»;  of  Mr.  C.  C.  Vermeule,  engineer  for  the  Ithaca  water  Ixwrd,  and  his 
MM!»tant,  Mr.  Getman.  who  supplied  me  with  carefully  kept  records  and  sampleH;  niid  of  Prof.  E.  M. 
(^haniot,  of  Cornell  Tnlversitj',  for  analyses  and  other  information  about  the  chemicjil  fealure»of  the 
pmblem. 

b  Daily  obt^rvationi*. 
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RemUts  of  ejcaminution  o/  uxUer  from  Sir  mile  (Jreelc  at  llhcuxt, 
[I*rof.  E.  M.  ('hamol,  hiihIvsI.] 


190a-4. 
October . . . 
November 
December. 
January  .. 
February  . 
March  .... 

April 

May 

June 

July 

August 

September 

Average  .. 


Bacteria  per  c.  e. 


Raw  water  before  flitratiou. 
Color. 


Turbidity. 


Aver- 
age. 


Maxi-     Mini-   Aver- 
mum.     mum.    age. 


7,220 
5,460 
2,900 
6,200 
13,400 
28,600 
7,330 
7,300 
7,500 
1,060 
2,400 
1,200 

7,660 


86,000 


23, 

8, 

620. 

97, 

116, 

60, 

35, 

62, 

6, 

1«, 

2, 


860       (a) 


800 

900  , 

1,000  ' 

1,500 

2,600 

1,600 

450 

460 

360 

400 

600 


81 


Alkalinity. 


Maxi- ,  Mini-    Aver-    Maxi- 
mum. '  mum. '  age.     mum. 


Mini- 1  Aver-    Maxi- Mini- 
mum,    age.     mum.  mum. 


I 


1,800       0.25  I 


160 


.8    , 


« 

35 

.75 

13 

2,600 

5.0 

46 

400 

6.0 

220 

3,000 

5.0 

KM 

400 

40.0 

40 

600 

10.0 

47 

260 

7.0 

67 

95 

28.0 

76 

200 

45.0 

67 

80 

18.0 

58 

45 

63 

33  1 

14 

11  I 

13 

11 

IS 

15 

9  I 
20  I 

9  • 


2.5 
160       18.0 


14.0  ' 
10.0 
4.0 
5.0 
5.0 
5.0 
6.0 
3.0  ; 
1.0  ' 
3.0  I 


54 
72 
94 
127 
127 
131 


I 


134.0 
92.5 
97.5 
100.0 
85.0 
87. 5 
67.5 
96.0 
126.0 
130.0 
140.0 
140.0 


45.0 
«i0.0 
HO.O 
45.0 
35.0 
40.0 
37.5 
55.0 
60.0 
120.0 
110.0 
1-25.0 


a  Too  variable  to  average. 

It  goes  almost  without  saying,  that  springs  and  wells  are  common  in 
this  area,  and  that  their  waters  resemble  in  hardness  the  creek  waters 
at  low  stage.  Many  of  the  wells,  especially  on  the  hill  farms,  are  in 
rock;  others  are  in  glacial  drift;  and  some  are  in  post-(ilacial  deposits. 
Most  of  the  shallow  wells  show  decided  fluctuation  -with  season.  The 
most  copious  springs  occur  in  the  regions  of  outwash  gravels  and  near 
the  margins  of  alluvial  fans,  into  which  the  stream  water  often  sinks, 
reappearing  as  springs. 

In  a  number  of  places  in  the  area  there  are  deep  wells  in  which  the 
water  rises  nearly  or  quite  to  the  surface.  This  is  true,  for  example, 
just  south  of  Watkins,  at  Montour  Falls,  near  Breesport,  and  in  the 
outwash  gravels  in  and  near  Elmira.  In  only  one  place,  however, 
have  the  water  resources  of  the  glacial  deposits  been  extensively 
exploited,  namely,  at  Ithaca.  Prior  to  the  introduction  of  a  city  water 
supply  the  town  of  Ithaca  depended  upon  wells,  and  even  at  the  pres- 
ent time  many  of  these  are  in  use.  Some  of  these  are  shallow  dug 
wells  that  receive  the  drainage  of  a  densely  populated  hill  slope. 
Others  are  in  gravels  of  alluvial  fans,  built  where  Sixmile  and  Casca- 
dilla  creeks  emerge  from  their  gorges  upon  the  Ithaca  delta  plain. 
Many  of  the  Ithaca  wells  are,  however,  driven,  and  furnish  artesian 
water.  The  depth  which  these  wells  reach  varies,  being  in  most  cases 
from  80  to  100  feet,  and  in  some  of  the  wells  the  water  has  head 
enough  to  permit  piping  to  the  second  floor.  They  are  both  overlain 
and  underlain  by  an  extensive  stratum  of  clay.  In  the  table  following 
the  first  seven  anal3'ses  show  the  general  character  of  this  water. 
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Toward  the  western  side  of  the  valley  a  well,  120  feet  deep,  known 
as  the  ^^Fourth  street  well,"  was  drilled  by  a  committee  of  citizens 
during  the  typhoid  epidemic.  The  flow  of  water  from  it  was  estimated 
to  be  about  100,0(X)  gallons  a  day.  Near  it  is  a  well  to  the  same 
water-bearing  bed,  which  is  pumped  by  a  salt  company  for  use  in  dis- 
solving salt  to  form  brine.  It  yields  from  300,000  to  400,000  gallons 
a  day  by  pumping.  Its  composition  is  shown  by  analysis  No.  8,  in 
the  accompanying  table.  Just  south  of  the  city,  near  the  western 
side  of  the  delta  plain,  2  deep  wells  have  been  put  down  by  a  com- 
mittee of  citizens,  and  11  by  the  Ithaca  water  board.  These  13  wells 
are  not  far  apart,  and  most  of  them  are  very  near  an  artesian  well, 
known  as  the  ^"lllston  well,"  that  was  bored  several  years  ago.  This 
well  showed  a  flow  of  over  300,000  gallons  a  day,  by  weir  measure- 
ment, in  the  spring  of  1903.  Two  of  the  wells  reached  rock,  one  at  a 
depth  of  260  feet,  the  other  at  a  depth  of  342  feet.  Of  the  13  wells, 
9  are  flowing,  and  the  engineer  of  the  water  board  estimates  that 
they  have  a  total  capacity,  when  pumped,  of  between  2,000,000  and 
3,000,000  gallons  daily,  which  is  more  than  ample  for  the  city  of 
Ithaca.  A  number  of  wells  are  clustered  around  the  lUston  well, 
and  reach  the  same  water-bearing  series  at  a  depth  of  about  280  feet. 
That  the  various  wells  tap  the  same  water-bearing  layers  is  evident 
from  their  influence  upon  one  another.  The  pressure  in  the  Illston 
well,  for  example,^is  reduced  from  18  to  12  pounds  when  all  the  adja- 
cent wells  are  flowing.  Whether  th.e  estimated  capacity  of  the  wells 
will  be  actually  reached  when  all  the  wells  have  been  pumped  for  a 
while  remains  to  l>e  seen. 

These  14  wells  reveal  a  set  of  conditions  in  the  Ithaca  delta  as  fol- 
lows: **  Below  an  upper  series  of  beds  of  soil  and  muck  about  10  feet 
thick  is  a  bed  of  day  varying  in  thickness  from  place  to  place  and 
underlain  at  depths  ranging  from  60  to  90  feet  by  water-bearing  sands 
and  gravels  that  vary  in  thickness  from  30  to  60  feet.  Beneath  the 
sand  and  gravel  is  a  great  depth  of  uniform  clay,  attaining  a  thickness 
of  120  to  150  feet.  Then  sandy  clays,  quicksands,  sands,  and  gravels 
are  encountered.  Even  in  wells  drilled  but  a  few  feet  apart  the  sec- 
tions through  the  water-bearing  layers  difl'er,  us  one  would  expect  in 
glacial  sands  and  gravels.  This  variation  makes  well  boring  very 
uncertain.  Several  of  the  wells  reached  a  quicksand  so  filled  with 
water  and  under  such  pressure  that  it  rose  in  the  pipe  faster  than  it 
could  be  removed.  The  more  suct^essful  wells  reached  either  gravel, 
or  sand  with  gravel,  from  which  the  sand  could  be  jettied  out,  leaving 
a  protecting  mass  of  pebbles  around  the  pipe  mouth.  Amid  such 
varying  conditions  the  sinking  of  a  well  in  this  region  is  very  much 
of  a  lottery,  even  though  it  be  true,  as  it  seems  to  be,  that  the  sand- 

aTmrr,  R.  S.,  Arteaian  well  sections  at  lihaca,  N.  Y.:  Jour.  Geol.,  vol.  12,  1904,  pp.  69-«2. 
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gravel  series  beneath  the  clay  is  very  extensive  and  everywhere  water 
bearing. 

The  beds  in  which  the  wells  are  located  are  a  part  of  the  series  of 
ice-front  deposits  associated  with  the  stand  of  the  glacier  in  this  region. 
The  source  of  the  water  is  unquestionably  the  moraine  series  that 
occupies  the  bottom  of  the  valley  of  the  Cayuga  Inlet,  farther  south. 
This  being  the  case,  the  water  supply  must  be  great.  That  the  water 
has  long  been  underground  is  indicated  by  the  analyses  (Nos.  9  and  10 
in  the  table)"  and  by  its  temperature,  which  in  l)oth  August  and 
December  was  62^  F.  The  Ithaca  experiment  will  be  watched  with 
interest,  for  if  only  two-thirds  of  the  estimated  capacity  of  the  wells  is 
realized  it  will  show  a  set  of  conditions  in  glacial  deposits  favoring,  in 
a  very  limited  region,  the  development  of  an  extensive  water  supply. 

a  The  analyses  of  the  water  of  the  Illston  well  doubtless  represent  approximately  the  condition  of 
the  water  in  the  neighboring  wells  of  which  analyses  are  not  yet  available. 
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WATER  RESOURCES  OF  CENTRAL  AND  SOUTHWEST- 
ERN HIGHLANDS  OF  NEW  JERSEY. 


Bv  Laurence  La  Forge. 


INTRODUCTION. 


LiH'at'um. — This  region,  that  part  of  the  Highlands  south  of  Andover 
and  Pompton,  about  two-thirds  of  the  Highland  area  of  the  State, 
includes  portions  of  the  Morristown,  Lake  Hopatcong,  Hackettatown, 
Delaware  Water  Gap,  Somei-ville,  High  Bridge,  and  Easton  quad- 
rangles, and  comprises  pai'ts  of  Morris,  Warren,  Hunterdon,  Somerset, 
and  Sussex  counties,  covering  an  area  of  about  685  square  miles.  The 
limestone  valleys  lying  within  the  Highlands  are  usually  considered 
a  part  of  the  area  and  will  be  so  regarded  in  this  paper,  together  with 
the  partially  inclosed  valleys,  such  as  the  Pohatcong  and  Pequest  val- 
leys, which  extend  between  the  Highland  ridges  for  some  distance,  but 
open  out  into  the  Great  Valley. 

Population, — The  population  of  the  area  is  a  little  over  75,l>00. 
This  includes  the  entire  population  of  such  places  as  Morristown,* 
Boonton,  and  Bernardsville,  which  lie  partly  within  the  Highlands, 
but  not  the  population  of  places  like  Clinton,  Pompton,  or  Morris 
Plains,  which  are  just  outside  the  base  of  the  Highlands,  nor  of  places 
like  Philipsburg  and  Belvidere,  which  are  more  properly  comprised 
in  the  Kittatinny  Valley.  Of  these  75,000  people,  somewhat  over 
two-thirds  live  in  towns  and  villages,  the  strictly  rural  population 
averaging  less  than  35  per  square  mile.  There  are  20  towns  and  vil- 
lages having  500  or  more  inhabitants,  and  about  50  more  having  from 
irK>  to  500  inhabitants.  The  rate  of  increase  for  the  area  as  a  whole 
is  a^K>ut  1  per  cent  a  3"ear,  but  the  actual  increase  is  confined  to  the 
larger  manufacturing  towns  in  the  valleys  and  to  the  parts  of  the 
southeastern  border  which  are  becoming  popular  suburbs  of  New 
York.  In  all  of  the  upland  portion  and  throughout  the  larger  pai*t 
of  the  valleys  of  the  northern  and  central  parts  of  the  area  the  popu- 
lation IS  decreasing,  there  being  a  steady  drift  away  from  these  locali- 
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ties.  This,  however,  when  the  whole  area  is  considered,  is  slightly 
more  than  offset  by  the  influx  from  outside  to  the  manufacturing 
towns  and  popular  residence  localities. 

Industries, — The  agricultural  industry  of  the  region  is  not  so  impor- 
tant as  formerly,  being  now  largely  confined. to  the  valleys  and  the 
peach-growing  districts  on  the  less  rugged  uplands  of  the  southern 
portion.  Lumbering  is  conducted  on  a  small  scale.  Iron  mining, 
formerly  carried  on  in  a  small  way  at  many  places  in  the  area,  ha.s 
become  concentrated  at  a  few  important  points  and  the  mines  else- 
where have  been  abandoned.  There  is  a  considerable  and  growing 
amount  of  manufacturing  in  the  larger  towns,  mainly  connected  with 
the  iron  industry.  The  eastern  slope  of  the  Highlands,  notably  al)out 
Morristown  and  Bernardsville,  has  become  a  popular  suburban  region 
and  is  being  rather  thickly  settled,  while  certain  of  the  wilder  and 
more  beautiful  of  the  upland  districts,  such  as  those  on  Mine  and 
Schooley  mountains  and  about  Budd,  Cranberry,  and  Hopatcong 
lakes,  are  favorite  outing  places,  and  of  late  years  have  a  considera- 
ble summer  population. 

Clirtiate^  soil^  etc. — The  average  temperature  of  the  Highland  region 
for  the  year  is  about  47^,  the  average  for  the  winter  being  about  27  ^, 
and  the  ground  and  streams  are  usually  frozen  during  the  greater  part 
of  the  winter.  The  average  annual  rainfall  mnges  from  38  to  48 
inches  in  various  parts  of  the  region,  and  from  30  to  55  inches  in 
different  years.  Usually  there  is  somewhat  more  precipitation  in 
summer  than  in  winter.  The  average  annual  snowfall  is  about  6  feet, 
which  is  equivalent  to  about  6  inches  of  rain,  so  that  about  12  to  15 
per  cent  of  the  precipitation  falls  as  snow. 

North  of  the  terminal  moraine  the  soil  is  largely  glacial  material, 
entirely  so  along  the  moraine  and  in  the  filled  valleys.  South  of  the 
moraine  the  bulk  of  the  soil  in  the  valleys  is  also  of  glacial  derivation, 
consisting  of  outwash  plains  in  front  of  the  momine  and  of  stream- 
washed  drift  lower  down  the  valleys,  but  there  are  also  areas  of  clay 
soil  resulting  from  the  weathering  of  the  limestone  and  shale.  On  the 
uplands  the  soil  is  derived  from  the  disintegration  of  the  gneiss  and  is 
as  a  rule  stony  and  not  very  fertile. 

Forests  cover  a  large  proportion  of  the  area,  a  proportion  ranging 
from  90  per  cent  and  more  at  the  noith  and  northeast  to  30  per  cent 
or  less  at  the  south  and  southeast.  A  greater  percentage  of  the  upland 
than  of  the  valleys  is  forested,  and  a  greater  proportion  of  the  gla- 
ciated area  than  of  that  lying  outride  the  momine.  Except  in  parts  of 
the  limestone  valleys  and  the  plains  of  washed  drift  the  soil  is  not  very 
fertile,  and  the  region,  on  this  account  and  because  of  the  ruggedness 
of  a  great  part  of  it,  is  not  well  adapted  for  cultivation.  The  forest- 
covered  area  is  increasing,  as  much  of  the  land  that  was  formerly 
cultivated  is  being  abandoned. 
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The  Highland  region  i8  a  dissected  plateau,  Wing  about  500  feet 
almve  the  lower  country  on  either  side,  and  bounded  on  the  southeast 
by  the  Piedmont  Plain  and  on  the  northwest  by  the  Great  Appalachian 
Valley,  here  known  as  the  Kittatinny  Valley.  Northeastward  the 
Highlands  continue  into  New  York,  and  to  the  southwest  they  extend 
past  the  Delaware  for  some  distance  into  Pennsylvania. 

The  belt  trends  northeast  to  southwest  and  consists  of  several  roughly 
parallel  ridges  and  valleys  which  have  nearly  the  same  trend,  but  are 
not  without  local  irregularities.  A  considerable  portion  of  the  original 
plateau  surface  remains  as  the  summits  of  the  broader  ridges,  reaching 
elevations  of  1,200  to  1,300  feet  in  the  noith western  part  and  declin- 
ing gently  both  southeastward  and  south  west  ward.  The  highest  point 
in  the  area,  standing  at  an  altitude  of  1,333  feet  above  sea  level,  is  in 
the  town  of  Jefferson,  northeast  of  Lake  Hopatcong.  The  descent  of 
about  5(X)  feet  from  the  plateau  to  the  lower  regions  on  each  side  is 
rather  abrupt,  and  the  longitudinal  valleys  within  the  highlands  have 
been  cut  down  about  the  same  amount  toward  their  lower  ends. 

DRAINAGE. 

Lakes  and  ponds. — As  there  is  abundant  i*ainfall  in  the  region  and 
much  comparatively  level  upland  surface,  with  deep  soil  on  most  of 
the  unglaciated  portion,  and  natural  storage  basins  everywhere  in  the 
glaciated  portion,  the  entire  area  is  well  watered.  On  the  slopes  there 
are  abundant  springs,  none  very  large,  but  many  which  never  fail,  and 
which  can  be  depended  on  as  sources  of  supply.  Since  much  of  the 
area  is  forested  and  other  conditions  are  favorable  to  the  absorption  of 
water  by  the  rocks,  a  large  proportion  of  the  rainfall  becomes  ground 
water,  and  a  large  part  of  the  remainder  is  stored  for  a  time  in  natural 
or  artificial  reservoirs. 

Lakes  and  ponds  are  abundant  in  the  glaciated  area,  the  principal 
ones  being  enumerated  in  the  following  list.  Of  these  several  are 
entirely  artificial,  and  nearly  all  the  rest  have  been  enlarged  by  raising 
the  outlet  level.  Five  are  supply  reservoirs  for  the  Morris  Canal  and 
most  of  the  others  are  or  have  been  mill  or  forge  ponds. 
IRK  110—05 10 
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Principdi-  Uikes  and  jxmiU  in  radrcd  and  sovUhivestem  hi/fhlands  of  Neir  Jersef^. 

Area  of 


Name. 


Area  of 

water 

surface. 


"S^\  -™- 


Drainajire  system. 


Lake  Uopatcong |    2, 443 

Biuld  Lake 

Green  Pond  ( Morris  County ) 

Stanhope  reHcrvoir 

Split  Rock  Pond 

Denmark  Pond 

Cranberry  Lake 

Green  Pond  (Warren  County ) 

Stickle  Pond 

Forge  Pond 

Shongum  Pond 

Waterloo  l*ond 

AUamuchy  Pond 

Durham  Pond 

Panther  Pond 

Bear  ponds 

Dixon  Pond 

Wright  Pond 

Stag  Pond 


475 
460 
339 
315 
172 
154 
117 
110 

70 
68 
56 
47 
41 
38 
;i5 
31 
23 


Square 
mileg. 

25.4 
4.5 
1.7 
4.9 
5.3 
4.5 
3.0 
5.2 
1.7 

10.1 
2.9 

(?) 
1.8 

(?) 
0.5 
0.6 
3.5 
3.4 
0.3 


928 

933 

1,045 

a59 

815 
818 
771 
399 
783 


775 
698 
640  I 
775  j 
880  I 
766 
977  [ 
560  ! 
743 
820 


Musconetcong.'' 

Raritan. 

Rockaway. 

Musconetcong. 

Rockaway. 

Do. 
Mu»(X)netcong. 
Pequest. 
Pequanac. 
Rockaway. 

Do. 
Musconetcong. 
Pequent. 
Rockaway. 
Pequest. 
Musconetcong. 
Rockaway. 
Musconetcong. 

Do. 


f*  Lake  Hopatcong  is  naturally  dnilned  down  Musconetcong  River,  but  it  supplies  water  for  the 
summit  level  of  the  Morris  Canal,  so  that  a  considerable  part  of  it«  drainage  actually  passes  down 
the  Rockaway. 

Ill  addition  to  the  lakes  and  ponds  named  above,  there  are  alwut 
1(K)  small  mill  ponds  and  reservoirs,  all  artificial  and  mostly  outside 
the  moraine,  and  about  30  glacial  kettle  holes,  which  contain  ponds 
each  several  acres  in  extent. 

Swamps  are  numerous  within  or  immediately  in  front  of  the  glacial 
l)oundary,  and  largely  increase  the  amount  of  storage  on  some  of  the 
streams.  The  largest,  but  also  the  lowest  in  elevation,  are  the  Great 
Meadows  of  the  Pequest  and  the  long  swamp  on  the  upper  course  of 
the  Black  River.  The  rugged  forest-covered  area  in  Sussex  and 
northern  Morris  counties  contains  scores  of  small  mountain  swamps, 
caused  by  glacial  choking  of  old  drainage  channels,  many  of  which  lie 
at  the  very  heads  of  the  streams,  at  elevations  of  1,000  feet  or  more. 

Sfrefn/hs,—The  region  is  drained  partly  by  streams  flowing  along 
longitudinal  valleys  to  the  Delaware,  and  partly  by  streams  flowing 
in  l>oth  longitudinal  and  transverse  valleys  and  reaching  New  York 
Hay.  The  principal  rivers  are  the  Pequest,  Musconetcong,  Raritan, 
and  Passaic,  the  two  last  named  being  the  largest  and  most  important 
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streams  of  the  State.  The  entire  region,  except  areas  traversed  by 
Pohatcong  Creek  and  some  minor  streams  that  flow  directly  into  the 
Delaware,  is  drained  by  these  four  rivers. 

Pequest  River  is  not  properly  a  highland  stream,  its  source  and 
most  of  its  headwaters  being  in  the  Kittatinny  Valley,  but  in  the 
lower  part  of  its  course  it  flows  in  a  valley  which  separates  Jenny 
Jump  and  Mohepinoke  Mountains  from  the  rest  of  the  Highlands,  and 
throughout  its  length  it  receives  a  part  of  the  Highland  drainage.  At 
the  head  of  Great  Meadows,  where  it  enters  the  Highlands,  it  is  at  an 
elevation  of  532  feet.  From  here  to  Townsbury,  where  it  escapes 
from  the  terminal  moraine,  it  falls  but  22  feet  in  10  miles.  This  part 
of  its  course  is  through  the  bed  of  a  temporary  lake  which  was  formed 
behind  the  moraine  after  the  retreat  of  the  ice,  and- until  a  few  years 
ago,  when  extensive  dminage  works  were  completed,  the  meadows 
were  an  impassable  moi*ass.  From  Townsbury  to  Buttzville,  where 
the  river  emerges  again  from  the  Highlands,  it  falls  130  feet  in  6  miles 
and  considerable  water  power  is  developed  along  this  stretch. 

Pohatcong  Creek  rises  near  Mount  Bethel  at  an  elevation  of  1,(M)0 
feet  and  falls  400  feet  in  5  miles  to  the  valley  at  Kari*ville,  along  which 
it  flows  for  18  miles  farther,  reaching  the  Delaware  at  135  feet  eleva- 
tion.    Small  water  powers  are  developed  at  seveml  points. 

The  ultimate  source  of  the  Musconetcong  is  in  the  town  of  Sparta, 
north  of  the  area  under  consideration,  at  an  elevation  of  1,200  feet. 
It  flows  through  Lake  Hopatcong  at  928  feet,  Stanhope  reservoir  at 
859  feet,  and  Waterloo  Pond  at  640  feet,  emerging  from  the  moraine 
at  Hackettstown,  12  miles  from  its  source,  at  560  feet.  From  here  to 
the  Delaware,  31  miles  below,  it  falls  430  feet.  Lubber  Run,  its  prin- 
cipal tributary,  falls  450  feet  in  10  miles  from  its  source  to  where  it 
joins  the  main  stream  near  Waterloo  Pond.  Abundant  water  power  is 
developed  at  a  number  of  points  on  both  streams. 

Karitan  River,  the  largest  in  the  State,  drains  the  central  and  south- 
ern parts  of  the  area  through  three  principal  tributaries — the  North 
and  South  branches  and  Black  River — and  empties  into  Raritan  Bay, 
an  arm  of  New  York  Bay.  South  Branch,  the  principal  stream,  rises 
in  Budd  Lake  at  933  feet  and  falls  270  feet  in  3  miles  to  Bartley,  where 
it  reaches  the  low-lying  German  Valley,  along  which  it  turns  and  runs 
11  miles  to  Califon,  falling  200  feet  on  the  way.  Here  it  plunges 
through  a  narrow  gorge  6  miles  long  and  emerges  from  the  Highlands 
at  High  Bridge  at  an  elevation  of  220  feet.  It  carries  a  large  volume 
of  water  and  furnishes  abundant  power  at  many  places.  North  Branch 
iH  not  so  large;  its  ultimate  source  is  near  Calais  at  an  elevation  of 
1,000  feet.  It  falls  600  feet  in  the  first  6  miles,  but  is  here  hardly 
more  than  a  brook.  From  Ralston  it  cuts  through  Mine  Mountain  in 
a  gorge  of  uncommonl^^  picturesque  beauty  and  emerges  upon  the 
lower  plateau  at  only  180  feet.     Though  of  small  volume,  it  has  a  swift 
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current  and  is  utilized  for  power  at  several  points.  Black  River,  the 
third  branch,  rises  in  the  moraine  a  little  east  of  the  southern  end  of 
Lake  Hopatcong,  crosses  the  Succasunna  Plains,  falling  only  200  feet 
in  11  miles,  and  then  drops  440  feet  through  a  gorge  (>  miles  long  in 
the  Eastern  Range,  leaving  the  Highlands  at  Pottersville  Falls  at  240 
feet. 

The  remainder  of  the  area  is  drained  by  Passaic  River,  which  empties 
into  Newark  Bay,  another  arm  of  New  York  Bay.  The  main  stream 
is  of  little  importance  in  its  Highland  portion.  It  falls  only  289  feet 
in  5  miles  from  its  source  near  Mendham  to  where  it  leaves  the  gorge 
at  280  feet  elevation.  The  Whippany,  another  small  branch,  rises 
near  Mount  Freedom  and  falls  500  feet  in  8  miles,  but  is  here  a  mere 
brook.  For  the  next  3  miles  along  Washington  Valley  to  Morristown 
it  is  sluggish  and  flows  through  swamps  most  of  the  way.  It  leaves 
the  Highlands  at  810  feet  and  lower  down  becomes  an  important  power 
stream.  The  Pequanac,  another  tributary  of  the  Passaic  lying  alto- 
gether outside  this  area,  drains  a  part  of  the  northeastern  corner. 

The  largest  branch  of  the  Passaic,  and  the  most  important  in  this 
area,  is  the  Rockaway.  This  river  rises  high  on  the  plateau  to  the 
north  of  the  area,  enters  it  in  the  Longwood  Valle}'  at  about  750  feet, 
flows  southwestward  nearly  to  Wharton,  where,  at  660  feet,  it  turns 
eastward  and  cuts  obliquely  through  the  Eastern  Range,  emerging 
below  Boonton  at  240  feet.  In  the  last  li  miles  of  its  gorge  it  falls 
250  feet,  furnishing  one  of  the  tine  water  powers  of  the  State.  It  has 
a  large  flow  and  is  an  important  stream  both  for  power  and  for  water 
supply. 

GEOLOGY. 

The  rocks  of  the  Highlands  proper  are  granitic  and  hornblendic 
gneisses,  hornblende  and  biotite-schists  with  lenses  of  magnetite, 
highly  metamorphosed  limestone  and  serpentine,  and  narrow  bands 
of  conglomerate  and  quartzite,  also  considerably  metamorphosed. 
The  origin  of  the  gneisses  and  schists  is  uncertain,  but  a  part  at  least 
were  certainly  igneous,  and  some  of  the  remainder  were  probably  of 
sedimentary  origin.  Throughout  nmch  of  the  area  they  are  arranged 
in  bands  differing  more  or  less  in  character,  and  the  strike  of  these,  as 
well  as  of  the  lenses  of  serpentine  and  iron  ore  and  of  the  strips 
of  sedimentary  rocks,  usuall}^  differs  but  little  from  the  northeast- 
southwest  trend  of  the  ridges  and  valleys. 

These  rocks  are  for  the  most  part  very  resistant  to  weathering,  and 
give  a  bold,  rugged  character  to  the  topography  occupying  the  higher 
portions  of  the  area,  but  the  longitudinal  valleys  throughout  most  of 
their  length  are  cut  in  much  less  resistant  limestones  and  shales. 
These  valley  rocks  and  the  strips  of  sediments  on  the  ridges  are  of 
Cambrian,  Ordovician,  and  Silurian  age,  while  the  gneisses  and  schists 
are  pre-Cambrian.    The  age  of  the  metamorphic  white  limestones  is 
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not  yet  settled.     There  are  a  few  dikes  of  diabase  and  amphibolite  in 
certain  areas,  but  as  a  rule  intrusive  rocks  are  wanting. 

The  t^^niiinal  moraine  of  the  Wisconsin  ice  sheet  crosses  the  area 
from  Denville  to  Buttzville,  and  in  the  northern  third  of  the  region 
considerable  areas  of  rock  surface  are  found  on  the  ridges,  while  the 
valleys  are  filled  with  sand  and  gravel  to  a  depth  of  200  feet  in  places. 
Glacial  modifications  of  drainage  are  numerous,  and  in  this  part  of  the 
area  a  number  of  swamps  dmin  in  seveittl  directions. 

WATER  RESOURCES. 

ImjKtrtance  of  regum, — ^This  region,  together  with  its  northeastward 
extension  into  New  York,  is  perhaps  the  most  important  in  the  United 
States  from  the  point  of  view  of  water  supply,  because  of  its  prox- 
imity to  the  great  metropolitan  area  about  New  York  City  and  its 
natural  advantages  as  a  collecting  ground.  The  population  of  the  por- 
tion of  New  Jersey  east  of  the  Highlands  and  north  of  Somerville  and 
New  Brunswick  is  over  1,100,000,  and  of  that  part  of  New  York  south 
of  the  Highlands  and  exclusive  of  Long  Island,  nearly  2,300,000. 
While  the  cities  and  towns  of  a  considerable  part  of  this  area  are  still 
supplied  with  water  from  local  sources,  much  of  the  region  is  rapidly 
becoming  so  thickly  settled  that  in  a  short  time  it  will  be  impracti- 
cable, except  in  a  few  limited  cases,  to  depend  longer  on  the  local 
supply,  both  because  of  its  inadequacy  and  of  the  increasing  danger  of 
pollution.  The  need  of  further  supply  for  New  York  City  is  again 
becoming  pressing,  and  because  of  the  limited  area  of  the  Highlands 
within  the  State  of  New  York,  from  which  area  the  present  supply  is 
drawn,  it  may  be  necessary  to  go  far  up  the  Hudson  or  outside  the 
State  limits  into  Connecticut  or  New  Jersey  for  additional  water. 
Besides  the  population  already  mentioned,  that  of  Brooklyn  and  Queens 
boroughs  and  Nassau  County  on  Long  Island  amounts  to  1,300,000. 
A  considerable  part,  possibly  all,  of  the  supply  for  this  territory  can 
probably  always  be  obtained  from  the  deep  water-bearing  gravels  of 
Long  Island,  but  in  the  future  legal  complications  may  interfere  with 
the  obtainment  from  this  source  of  the  quantity  needed,  and  at  least  a 
part  of  the  supply  may  have  to  be  procured  from  the  mainland. 

Nai/ural  admantages, — The  Highlands  lie  in  immediate  proximity  to 
this  belt  of  dense  population,  forming  its  natural  boundary  on  the 
northwest.  The  i*ainfall  is  abundant,  the  region  is  thinly  settled  and 
largely  forested,  and  most  of  it  is  poorly  adapted  to  the  purposes  of 
agriculture.  There  are  many  and  capacious  natural  storage  basins, 
and  the  whole  district  is  so  elevated  that  water  may  be  delivered  by 
gravity  and  under  considerable  head  to  the  more  densely  peopled  dis- 
trict There  is  but  little  local  contamination,  and  the  region  is  so 
poorly  adapted  to  ordinary  uses  that  the  sequestration  of  large  parts 
of  it  as  gathering  and  storage  grounds  for  metropolitan  water  supplies 
is  practicable  at  relatively  small  expense.     These  advantages  have  long 
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been  recognized,  and  the  Highlands  have  repeatedly  been  pointed  out 
as  the  future  source  of  water  supply  for  the  cities  of  northern  New 
Jersey,  and  the  con«>ervation  of  the  Highland  waters  for  that  purpose 
has  been  often  urged. 

MINERAL  8PRIN08. 

There  is  but  one  mineral  spring  of  note  in  the  area,  the  formerly 
well-known  Schooley  Mountain  Spring,  located  on  the  western  slope 
of  Schooley  Mountain,  about  2  miles  south  of  Hackettstown.  The 
result  of  an  analysis  of  its  water  as  given  by  Peale**  is  shown  below: 


Partaper 
).000. 


Analysis  of  uxiter  of  Schooley  Mountain  Spring. 

1,000,1 

Calcium  ealphate 28. 7 

Calcium  carbonate 24. 3 

Magnesium  carbonate 27. 4 

Iron  carbonate 9. 9 

Sodium  carbonate 9. 9 

Sodium  chloride 7. 4 

Silica 12.7 

Alumina 2. 4 

Ammonia Trace. 

Carbon  dioxide  (dissolved  gas) Undet. 

This  spring  was  formerly  a  popular  resort;  buildings  were  erected 
about  it  and  the  water  was  sold  to  visitors,  but  it  is  now  abandoned  and 
the  water  is  no  longer  used. 

WATER  POWER. 

The  climatic  and  topographic  conditions  being  favorable,  the  amount 
of  available  water  power  along  the  streams  of  the  Highland  region  is 
considerable  and  it  has  been  largely  utilized.  Of  late  years  a  notable 
change  has  been  made  in  the  use  of  this  power,  as  the  number  of 
plants  making  use  of  water  power  has  diminished,  but  the  total  amount 
utilized  remains  about  the  same.  This  is  due  to  the  fact  that  whereas 
there  were  formerly  numerous  small  sawmills,  flour  mills,  iron  forges, 
and  the  like,  each  using  a  little  power,  many  of  these  have  been 
abandoned,  but  there  are  in  place  of  them  several  large  establishments 
which  have  been  erected  at  favorable  points  and  which  use  a  consider- 
able amount  of  power. 

From  a  census  of  water  powers  of  the  State,*  made  by  the  geological 
survey  of  New  Jersey  in  1890,  it  appears  that  in  the  region  discussed 
in  this  paper  there  was  a  total  of  about  11,500  horsepower  used,  3,00(> 
horsepower  being  used  by  mills  on  the  Musconetcong  and  branches, 
2,200  on  Rockaway  River  and  branches,  and  4,500  on  the  two  branches 
of  the  Raritan  and  their  tributaries,  the  remainder  being  developed 
along  various  small  streams,  the  Pequest  standing  at  the  head  of  these. 

a  Peale,  A.  C,  Mineral  spnngs  of  the  United  States:  Bull.  l\  S.  Geol.  Survey  No.  82,  p.  43. 
/' Vcnneule,  ('.  C,  Final  Kept,  (ti'ol.  Survey  New  Jersey,  vol.  8:  appendix  1,  water  powers. 
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The  largest  development  is  in  the  gorge  at  Boontoii,  where  there  is  a  fall 
of  250  feet  from  the  pond  at  Powerville  to  Old  Boonton,  with  an  esti- 
mated available  horsepower  of  over  2,000,  of  which  about  1,600  was 
utilized.  At  Highbridge,  on  the  Raritan,  about  1,200  horsepower  is 
developed,  and  considerable  amounts  are  used  at  Hughesville  and 
Riegelsville,  on  the  lower  Musconetcong. 

Though  a  much  larger  amount  of  power  than  has  yet  been  utilized 
could  be  made  available  on  these  streams  by  proper  conservation  of 
the  water  in  ponds,  and  the  amount  of  manufacturing  thus  consider- 
ably increased,  the  fact  must  be  recognized  that  the  uses  of  water  for 
power  and  for  city  supply  conflict,  and  that  one  must  necessarily 
largely  preclude  the  other.  If,  as  seems  highly  probable,  the  larger 
part  of  the  stream  and  pond  water  in  this  region  will  before  many 
years  have  passed  be  sequestrated  for  municipal  supplies,  the  devel- 
oped water  powers  of  the  Highland  region  are  not  likely  to  be  fur- 
ther increased,  but  will  probably  be  considembly  diminished,  at  least 
on  the  Rockaway  and  Karitan  and  their  branches. 

THE  MORRIS  CANAL. 

One  of  the  largest  users  of  water  in  the  Highlands  at  the  present 
time,  and  one  which  controls  the  water  rights  of  several  of  the  largest 
and  most  important  storage  reservoirs,  is  the  Morris  Canal,  which 
traverses  the  region  from  Philipsburg  to  Boonton,  passing  through 
Washington  and  Hackettstown,  crossing  the  low  divide  near  Lake 
Hopatcong,  thence,  via  Dover  and  Rockaway,  issuing  from  the  High- 
lands through  the  gorge  at  Boonton.  It  rises  from  156  feet  at  Dela- 
ware River  to  913  feet  at  the  summit  level,  and  then  descends  to  288 
feet  on  the  level  below  Boonton  and  to  tide  water  at  Jersey  City.  At 
Powerville  and  at  Dover  the  boats  are  locked  into  and  out  of  the 
Rockaway;  therefore  the  whole  flow  of  the  stream  is  available  at  these 
points  if  needed  for  the  purposes  of  the  canal.  Again,  along  the  Mus- 
conetcong, from  Stanhope  to  Saxtpn  Falls,  the  waters  of  the  canal  and 
river  mingle  at  several  points. 

Lake  Hopatcong,  Cranberry  and  Stanhope  reservoirs,  and  Bear  and 
Waterloo  ponds  are  controlled  by  the  canal  corporation,  and  the  water 
of  these  bodies  is  used  for  the  canal  supply.  All  except  Lake  Hopat- 
cong supply  the  western  slope  of  the  canal,  and  the  water  thus  re^u'he^ 
the  Delaware.  The  Hopatcong  feeder  enters  the  canal  at  the  summit 
level  and  furnishes  the  whole  supply  for  the  part  of  the  eastern  slope 
within  the  Highlands,  except  the  water  taken  from  Roi*kaway  River. 
Nearly  all  the  water  drawn  from  Lake  Hopatcong,  therefore,  passes 
down  the  eastern  slope  and  reaches  New  York  Bay,  instead  of  follow- 
ing the  original  course  of  drainage  from  the  lake  to  the  Delaware. 

Uagings  have  shown**  that  the  canal  appears  to  use  very  nearly  the 

aVenneule,  C.  C,  Final  RepUQeol.  Survey  New  Jersey,  vol.  3,  Appendix  1.  Water  Power,  p.  196. 

Digitized  by  VjOOQIC 


150  UYDROLOOY    OB^    EASTERN    UNITED   STATES,   1904.       [xo.  no. 

whole  supply  which  van  be  obtained  from  the  reservoirn  in  their  pres- 
ent condition — in  fact,  the  whole  available  supply  in  a  dry  season — as 
well  as  an  unknown  amount  from  the  streams  at  the  points  where  the 
waters  are  mingled;  but  by  raising  the  dams  and  increasingthe  storage 
tlie  reservoirs  could  be  made  to  supply  all  the  water  needed  by  the 
canal  in  the  driest  seasons,  as  the  rainfall  on  the  catchment  basin  is 
ample  when  carried  over  by  storage.  It  would  seem,  then,  that  the 
continued  use  of  the  canal  would  preclude  the  collecting  of  any  sur- 
plus water  from  the  upper  Musconetcong  and  Lubl)er  Run  watei'sheds. 
Nearly  all  the  water  used  by  the  canal,  however,  goes  to  make  good 
the  leakage,  which  is  large  on  account  of  the  hillside  location  of  long 
stretches  of  the  canal  and  the  nature  of  the  soil.  From  measurements 
made  by  Messrs.  J.  J.  R.  Croes  and  G.  W.  Howell  this  leakage  has 
been  estimated  at  1.74  cubic  feet  per  second  per  mile,  and  nearly  the 
whole  of  this  is  returned  to  the  streams,  hence  it  again  becx)mes  avail- 
able for  storage  in  reservoirs  on  the  lower  courses  of  the  streams  and 
is  not  entirely  lost  as  a  source  of  municipal  supply. 

The  use  of  water  for  the  ordinary  purposes  of  the  canal  impairs  to 
a  very  considerable  extent  its  quality  for  domestic  water  supply, 
though,  indeed,  the  water  of  the  canal  is  used  to  some  extent  for  that 
purpose  in  some  of  the  towns  along  its  course.  Unfortunately,  in 
one  or  two  of  the  larger  towns  the  canal  receives  the  discharge  of 
sewers,  and  throughout  its  length  it  is  the  receptacle  of  more  or  less 
refuse  of  all  sorts,  so  that  the  use  of  its  water  for  household  purposes 
ought  to  be  discontinued.  The  bulk  of  the  leakage  occurs  by  percola- 
tion through  the  soil,  and  hence  the  escaped  water  is  to  some  extent 
purified  by  the  filtration  it  undergoes  in  the  process;  but  much  of  it 
escapes  as  overflow  at  the  spillways,  and  the  filtration  of  mu(;h  of  the 
rest  is  probably  imperfect,  as  it  is  likely  that  long -continued  leakage 
along  certain  lines  has  established  little  channels  in  the  soil  through 
which  the  water  percolates  with  little  or  no  filtration. 

The  water,  then,  of  valley  streams  which  derive  a  large  part  of  their 
flow  from  the  leakage  from  the  canal  is  still  of  doubtful  purity  for 
domestic  use,  but,  in  view  of  the  comparatively  small  pollution  which 
the  canal  water  must  suffer  and  the  large  dilution  which  the  escaped 
water  undergoes  by  mingling  with  stream  water  derived  from  other 
sources,  as  well  as  the  purification  which  would  be  brought  about  by 
its  storage  in  large  reservoirs  on  the  lower  courses  of  the  streams,  it 
is  probable  that  the  escaped  water  is  not  unfit,  after  such  dilution  and 
purification,  to  be  stored  for  a  metropolitan  supply,  especially  if  the 
reservoirs  are  large  enough  and  the  dilution  is  ampLe.  It  should  be 
noted  in  this  connection,  however,  that  for  some  time  there  has  been 
a  movement  to  bring  about  the  abandonment  of  the  canal.  Should 
this  be  accomplished,  it  would  set  free  for  other  uses  the  large  quan- 
tities of  water  at  present  required  for  the  purposes  of  the  canal,  and 
would  remove  that  particular  source  of  pollution. 
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IwOCAL    WATER   HIPPLIES. 


RequireinenU. — ^There  are  about  20  towns  and  villages  in  or  upon 
the  immediate  border  of  the  part  of  the  Highlands  discussed  in  this 
paper  that  are  large  enough  to  need  water  systems,  and  10  of  them 
have  such  systems.  W^ith  the  exception  of  Morristown  and  Dover 
these  pla(*es  are  all  of  less  than  4,000  population,  and  the  amount  of 
water  needed  for  their  suppl}^  is  comparatively  small.  The  total  pop- 
ulation of  those  towns  that  have  a  water  supply  is  about  32,000,  and 
of  those  towns  that  are  likely  to  need  such  a  supply  within  the  next 
ten  years  is  about  8,000,  so  that  the  total  number  of  people  for  whom 
local  supplies  of  any  magnitude  must  be  reserved  is  not  great. 

PrtHent  mvrceH, — As  will  be  seen  from  the  accompanying  table, 
fhose  towns  that  have  public  water-supply  systems  procure  water 
from  mountain  springs,  except  Dover  and  Morristown,  which  procure 
a  part  of  their  supplies  from  drilled  wells.  It  will  also  be  noticed 
that  municipal  ownership  is  rare,  onl}^  Dover,  Hackettstown,  and 
High  Bridge  owning  their  systems.  Most  of  the  systems  are  owned 
by  companies,  and  in  one  or  two  case«  the  ownership  is  private  and 
only  part  of  the  village  is  supplied  by  the  sj'stem.  The  present 
sources  of  supply  are  ample  for  all  present  needs  as  well  as  for  the 
near  future,  w^hile  in  the  cases  of  all  but  the  largest  towns  it  is  prob- 
able that  an  ample  supply  for  all  future  needs  can  always  be  obtained 
from  sources  now  available. 

The  data  incorporated  in  the  table  were  procured  by  correspond- 
ence with  oflScers  of  the  various  towns  or  of  the  water  companies. 
No  report  was  received  from  Gladstone,  and  the  data  given  are  derived 
from  the  Ix^st  information  available  for  that  village. 

Jj\gt  of  municipal  valer  systems. 


Town. 


Popu-  I 
i  lation 


in 
1900. 


Morristown 11,267 

I>«)ver 5, 936 

Boonton ,  3,901 


Washington  . . . 
Hackettntown . 

HUfhBridife..- 
Bemardsville  . 
Netconjf 


Clinton 

Ciladstone  . 


3,580 
2,471 

1,377 

1.300^ 

941 

816 
aOOd 


Source  of  supply. 


Kind  of  pyB- 
tem. 


Suffici- 

Ownershlp.l  eney  of 

supply. 


Springs  and  drilled  wells Gravity  and 

pumping. 

do do 

Springs (iravity 


Town 

Company. 


Springs  and  mountain  stream . ' do do  . 


....do...| 

Not  re-  ' 
ported. 

Fair... 


Moimtain  stream I do 

I  Spring I do 

^  Springs do 

I  Brook Not  reiwrt- 

ed. 


Springs  . 
Spring . . 


Gravity. 
do.. 


Town Abun- 

I      dant. 

do I  Ample.. 

Company.! do ... 

Private...    Not  re- 
I     ported, 

do Plent;  .. 

<Jo....        (?) 


Quality. 


Private...'  Ample..    (Jood. 


Do. 

Not  re- 
lK)ri€'«i. 

(Jood. 

Very 
good. 

Good. 

Do. 

Not  re- 
ported. 

Good. 

Slightly 
hard. 
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The  water,  being  taken  directly  from  mountain  springs  or  fiom 
drilled  wells  in  favorable  locations,  is  in  all  cavses  pure  and  wholesome, 
and  there  is  slight  danger  of  contamination.  Morristown  and  Hack- 
ettstown  report  analyses  that  show  water  of  exceptional  purity.  For 
all  except  the  larger  towns  the  springs  furnish  an  ample  supply,  and 
hence  drilled  wells  have  been  resorted  to  only  where  the  ix)pulation  is 
so  large  that  the  supply  from  springs  has  been  insufficient. 

SURPLUS  SUPPLIES. 

Since  the  local  population  that  requires  a  public  water  supply  is  not 
large,  and  since  the  supply  is  in  all  cases  drawn  from  wells  or  springs 
and  not  from  streams  or  large  ponds,  the  effects  which  the  needs  of 
this  population  will  have  on  the  available  suppl}^  for  metropolitan  pur- 
poses is  negligible.  On  the  other  hand,  since  for  most  of  those  towns 
an  ample  supply  can  in  the  future  be  obtained  from  the  present  sources, 
their  available  supply  is  not  likely  to  be  affected  injuriously  by  the 
utilization  of  the  lake  and  stream  water  for  the  needs  of  the  large 
cities.  Many  of  the  towns  along  the  eastern  bases  of  the  Highlands 
seem  destined  to  have  a  large  increase  of  population  in  the  future  as 
metropolitan  suburbs,  and  provision  must  be  made  for  a  gi'eater  sup- 
ply for  these,  but  they  are  fortunate  in  being  located  near  small  streams 
that  flow  from  the  hills,  which  are  of  sufficient  volume  to  supply  all 
their  needs,  but  which  run  at  too  low  an  elevation  or  furnish  too  small  a 
quantity  of  water  to  be  used  to  advantage  for  the  supply  of  cities  at 
a  distance.  The  growing  manufacturing  centers  at  Washington  and 
about  Dover  and  Wharton  may  also  require  larger  amounts  of  water  in 
the  future  than  can  be  obtained  from  springs  and  drilled  wells,  but  the 
needs  of  these  places  may  be  met  without  seriously  diminishing  the 
supply  needed  for  city  purposejg.  Washington  especially,  being  located 
on  Pohatcong  Creek,  which  flows  to  the  Delaware  and  is  not  so  situated 
as  to  be  used  to  advantage  by  the  cities  lying  east  of  the  Highlands, 
will  probably  always  have  a  sufficient  supply  for  local  needs.  Shon- 
gum  Pond  and  Den  Brook  may  easily  be  made  available  for  a  supply 
for  Dover,  and  might  well  be  reserved  for  that  purpose. 

Needs  of  the  metropolitan  area, — The  need  of  water  for  the  metro- 
politan area  has  already  been  briefly  mentioned.  Leaving  out  of  con- 
sidemtion  the  3,400,000  inhabitants  of  the  New  York  part  of  the 
metropolitan  district,  there  are  over  1,100,000  in  Che  New  Jersey  por- 
tion— about  60  per  cent  of  the  population  of  the  State.  The  popula- 
tion of  this  congested  area  is  increasing  at  the  rate  of  40  per  cent  in  a 
decade,  and  should  the  increase  continue  at  the  same  rate  in  fifty  years 
the  population  of  the  New  Jersey  portion  of  the  area  alone  will  be 
a  little  less  than  6,000,000.  To  keep  pace  with  this  increase  there 
must  necessarily  be  a  gradual  abandonment  of  the  local  sources  of 
water  supply  and  a  turning  to  more  distant  regions  where  the  supply 


Digitized  by  VjOOQIC 


UKFoR*iE.]        WATERS  OF  PART  OF  HIGHLANDS  OF  NEW  JERSEY.        153 

will  be  both  larger  and  in  le8s  danger  of  contamination.  Newark  has 
already-  taken  this  step,  and  Jersey  City  is  at  present  providing  for  a 
supply  from  the  Rockawa}',  at  Old  Boonton.  Other  large  cities  of 
the  district  must  soon  take  similar  measures. 

It  has  long  been  known  that  there  is  no  better  region  to  which  to 
turn  for  this  purpose  than  the  Highlands,  where,  not  more  than  25 
miles  from  any  of  the  cities  of  the  district,  a  pure  and  abundant  supply 
of  water  is  available.  Some  of  the  cities  of  the  metropolitan  area  are 
at  present  consuming  about  95  gallons  of  water  a  day  per  capita,  and 
though  this  amount  seems  excessive  and  implies  waste  of  the  wate? , 
still,  to  provide  for  possible  contingencies,  a  source  of  supply  which 
will  be  capable  of  furnishing  100  gallons  a  day  pei*  capita  if  necessary 
should  be  secured.  On  this  basis,  if  the  population  of  the  New  Jersey 
portion  of  the  metropolitan  district  continues  to  increase  at  the  present 
rate,  in  fifty  years  the  inhabitants  will  require  a  supply  of  not  less 
than  500,000,000  gallons  a  day. 

Amount  qf»upph/. — According  to  the  estimates  of  C.  C.  Vermeule," 
the  amount  of  water  which  can  be  collected  on  each  of  the  watersheds 
of  this  region  with  proper  storage  is  as  follows: 

Rockaway  River  (above  Boonton),  78  million  gallons  a  day;  Raritan 
River  (Highland  branches),  92  millions;  Musconetcong  (above  Hamp- 
ton), 82  millions;  a  total  of  252  million  gallons  a  day.  An  equal  or 
greater  amount  could  be  collected  from  the  Ramapo,  Wanaque,  and 
Pequannock  rivers  in  the  northeastern  Highlands,  so  that  the  amount 
of  water  in  the  Highlands  which  could  be  used  for  metropolitan  supply 
is  upwards  of  500  million  gallons  a  daj',  an  amount  very  much  in 
excess  of  the  present  needs  of  the  New  Jersey  portion  of  the  metro- 
politan area,  and  sufficient  to  meet  the  wants  of  this  area  for  a  long 
time.  This  estimate  takes  no  account  of  the  waters  of  the  Highland 
portions  of  the  Passaic  and  Whippany,  which  are  small  in  amount  and 
issue  from  the  hills  at  so  low  an  elevation  as  not  to  be  advantageously 
used  to  supply  places  at  a  distance;  nor  of  the  Pohatcong  and  Pequest, 
which  flow  to  the  Delaware,  and  the  waters  of  which  could  not  be 
carried  to  the  eastern  side  of  the  Highlands  without  considerable 
expense.  Furthermore,  these  last  streams  drain  limestone  areas,  and 
their  waters  are  not  so  desirable  for  use  as  those  of  the  more  strictly 
Highland  streams. 

The  water  of  the  four  important  Highland  streams  which  flow  east- 
ward, the  Rockaway  and  Black  rivers  and  the  North  and  South 
branches  of  the  Raritan,  can  be  collected  in  storage  basins  at  or  near 
the  points  where  they  issue  from  the  Highlands  and  delivered  b}' 
gravity,  making  them  easily  available,  and  at  relatively  small  expense. 

« Venneule,  C.  C,  Water  supply:  Geol.  Survey  of  New  Jersey,  vol.  3,  pp.  145.  et  seq.  The  writer 
desires  here  to  acknowledge  bis  indebtedness  to  this  book,  which  is  a  mine  of  valuable  information 
regarding  the  water  resources  of  New  Jeniey  and  has  been  used  freely  in  the  preparation  of  this 
paper. 
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The  North  Branch  of  Rockaway  Creek,  in  Hunterdon  County,  rould 
also  be  used  to  advantage  by  the  construction  of  a  reservoir  near 
Mountainville,  and,  it  is  CvStimated,  would  furnish  more  than  8  million 
gallons  a  day.  The  waters  of  the  Musconetcong  could  be  made  avail- 
able by  the  construction  of  a  storage  basin  at  Hampton  and  a  tunnel 
through  the  hill  to  Glen  Gardner,  and  thence  to  the  South  Branch  of 
the  Raritan;  or  a  part  of  the  Musconetcong  could  be  utilized  by  the 
construction  of  a  reservoir  in  the  upper  valley  and  a  tunnel  through 
Schooley  Mountain.  Furthermore,  Lake  Hopatcong,  which  drains 
naturally  to  the  Musconetcong,  lies  so  close  to  the  divide  that  its 
waters  could  be  diverted  to  the  Rockaway  and  thus  about  17  million 
gallons  a  day  could  be  added  to  the  flow  of  that  stream. 

There  is  a  variation  of  over  50  per  cent  between  the  least  and  great- 
est rainfall  in  the  Highland  region,  and  thus  a  ver}^  g^eat  variation  in 
the  amount  of  water  collectible  in  dry  and  wet  years,  but  the  esti 
mates  of  Mr.  Vermeule  are  conservative  and  are  based  on  the  com- 
puted flow  for  the  driest  eighteen  consecutive  months  on  record,  and 
the  amount  of  water  given  as  available  for  the  different  streams  may 
be  relied  upon  under  all  conditions. 

Character  of  the  water, — ^The  water  of  the  Highlands  in  its  natural 
state  is  of  the  verj^  best  quality,  H^nd  a  more  satisfactory  supply  from 
this  point  of  view  could  not  be  desired.  Under  present  conditions, 
however,  the  water  of  the  larger  streams  and  of  one  or  two  of  the 
lakes  suffers  contamination  from  several  sources,  and  this  must  be 
guarded  against  before  the  water  will  be  entirely  fit  for  use.  The 
Rockaway  receives,  above  the  reservoir  now  being  constructed  for  the 
Jersey  City  supply,  the  sewage  of  Boonton,  Rockaway,  Dover,  and 
Wharton,  with  an  aggregate  population  of  l-i,000.  This  sewage,  how- 
ever, is  all  to  be  diverted  before  the  reservoir  is  put  into  service,  and 
the  topography  of  the  region  is  such  that  this  can  be  done  with  little 
trouble.  Hackettstown,  with  2,500  inhabitants,  is  situated  on  the  mid- 
dle couree  of  the  Musconetcong,  and  there  are  increasing  summer  colo- 
nies on  the  shores  of  Hopatcong  and  Budd  lakes,  while  there  are  still 
one  or  two  importiiht  iron-mining  localities  in  the  region,  besides  a 
large  blast  furnace  at  Wharton.  All  these  are  to  a  considerable  extent 
sources  of  contamination,  but  in  nearly  all  cases  the  drainage  can  be 
conducted  out  to  points  below  the  sites  where  storage  basins  could  be 
most  advantageously  constructed. 

Though  the  village  population  is  rather  large  in  some  other  parts  of 
the  region,  as  along  the  stretch  of  German  Valley,  where  the  villages 
from  Kenville  to  Califon  have  an  aggregate  population  of  over  3,000, 
it  is  as  a  whole  not  increasing,  and  the  rural  population  nearly  every- 
where is  decreasing,  so  that  the  danger  of  contamination  other  than 
from  the  large  towns  and  manufacturing  centers  seems  likely  to 
decrease  rather  than  increj^se  in  the  future. 
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AvaUahility. — Here,  in  immediate  proximity  to  a  large  and  rapidly 
gi"owing  urban  district,  for  which  there  will  be  need  in  the  not  very 
distant  future  of  an  abundant  water  supply,  is  a  region  which  is 
especially  fitted  by  its  natural  advantages  to  be  the  gathering  ground 
for  that  water  supply — a  very  nearly  ideal  gathering  ground.  It  seems 
certain,  if  the  growth  of  the  metropolitan  population  continues  at  its 
present  rate,  that  in  a  few  decades  it  will  be  necessary  to  utilize  very 
nearly  all  the  available  water  obtainable  in  the  Highlands  for  the  needs 
of  that  population  and  to  conserve  the  supply  by  the  construction  of 
storage  reservoirs.  For  this  purpose  it  will  therefore  be  necessary  to 
set  apart  considerable  portions  of  the  region,  both  to  provide  room  for 
the  storage  basins  and  to  prevent  contamination  within  their  catchment 
areas. 

This  seems  inevitable,  and,  like  all  work  of  the  kind,  it  can  be  done 
at  less  expense  and  at  greater  advantage  now  than  later,  and,  as  a 
further  motive  for  early  action,  it  should  be  noted  that  the  present 
need  is  gre^t.  When  there  are  also  taken  into  consideration  the 
manifest  adaptability  of  this  region  for  use  as  a  State  park  and  the 
desirability  of  preserving  its  natural  beauty  for  the  enjoyment  of  the 
people  of  the  densely  settled  area  to  the  cast,  together  with  the  fact 
that  this  use  of  the  region  would  not  conflict  with  its  use  as  a  source 
of  water  supply,  the  argument  for  the  sequestration  of  a  large  part 
of  the  Highland  area  by  State  action,  with  the  conservation  of  its 
natural  beauty  as  well  as  its  waters  for  the  use  of  over  one-half  of  the 
people  of  the  State,  becomes  more  potent.  Indeed,  it  may  well  be  a 
subject  for  interstate  action,  since,  as  has  been  shown,  the  needs  of 
the  population  on  the  New  York  side  of  the  Hudson  are  likely  soon 
to  be  greater  that  can  well  be  supplied  from  watersheds  within  the 
bounds  of  New  York  State,  while  since  the  advantages  of  the  High- 
lands as  a  recreation  ground  would  be  as  easily  available  to  the  people 
of  New  York  as  to  those  of  New  Jersey,  the  former  State  could  well 
afford  to  share  with  the  latter  the  expense  of  sequestration  of  the 
region,  especially  since  a  considerable  part  of  the  New  York  High- 
lands could  advantageously  be  included  within  the  area  which  it  is 
desirable  to  reserve  for  this  purpose. 
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WATER  RESOURCES  OF  THE  CHAMBERS- 
BURG  AND  MERCERSBURG  QUADRANGLES, 
PENNSYLVANIA. 


By  Ctborge  W.  Stose. 


The  Chambersburg  and  Mercersburg  quadrangles  are  located  in 
southern  Pennsylvania,  about  midway  between  the  eastern  and  western 
limits  of  the  State,  their  southern  boundaries  lying  within  2  miles 
of  the  Pennsylvania-Maryland  line.  They  include  a  portion  of  the 
Cumberland  Valley,  extending  from  South  Mountain  at  Waynesboro, 
Franklin  County,  to  Tuscarora  Mountain  on  the  west,  and  a  small 
portion  of  Fulton  County  about  McConnellsburg. 

The  principal  streams  in  this  area  are  the  Conococheague,  flowing 
from  South  Mountain  westward  across  the  area;  the  West  Branch  of 
the  Conococheague,  flowing  from  north  to  south  and  joining  the  Cono- 
cocheague at  the  southern  boundary  of  the  area;  Licking  Creek  and 
Back  Creek,  tributaries  of  the  Conococheague;  and  Little  Antietam 
Creek,  issuing  from  South  Mountain,  in  the  eastern  portion  of  the  area. 
All  of  these  streams  have  a  plentiful  flow  of  water  throughout  the 
year.  They  are  dammed  at  many  places  for  water  power  to  run  grist, 
saw,  and  woolen  mills.  Many  of  the  minor  streams  are  similarly  util- 
ized on  a  smaller  scale.  At  the  mill  above  the  village  of  Markes  an 
electric  plant  has  been  erected,  which  supplies  Mercersburg  and  some 
of  the  smaller  neighboring  towns  with  light.  Electric  railways  are 
being  constructed  in  the  area,  and  the  mountain  streams,  especially 
Buck  Run  at  Cove  (zap,  are  contemplated  as  a  source  of  power.  The 
mountain  streams  have  not  been  utilized  to  great  extent  for  this  pur- 
pose, but  they  promise  to  be  a  fruitful  source  of  power  by  reason  of 
their  constant  supply  of  water,  the  feasibility  of  damming,  and  the 
large  fall  which  may  be  obtained. 

All  the  streams  in  the  mountain  valleys  and  ravines  furnish  good- 
sized  flows  of  pure,  limpid  water.  On  reaching  the  open  limestone 
valley  the  water  rapidly  sinks  into  the  mountain  wash  and  disappears, 
ultimately  finding  its  waj^  into  subterranean  fissures  in  the  limestone. 
There  are  many  large  springs  in  the  limestone  area,  but  no  system  of 
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underground  channels  has  been  observed.  The  water  from  these  lime- 
stone springs  is  also  pure  and  sparkling  as  it  flows  from  its  rock  cav- 
erns, but  this  is  due  to  its  high  content  of  lime  carbonate,  which  is 
subsequently  precipitated  as  mechanical  sediment.  On  this  account  it 
is  not  so  desirable  for  domestic  uses  as  the  pure  mountain  water,  and 
most  of  the  larger  towns  pipe  their  water  from  the  mountains. 

Chambersburg,  the  county  seat  of  Franklin  County  and  the  railroad 
center  of  the  area,  obtains  its  water  from  Conococheague  Creek,  from 
which  it  is  raised  100  feet  to  reservoirs  on  the  shale  hills  opposite  the 
town.  This  creek  emerges  from  the  mountains  12  miles  east  of  Cham- 
bersburg, where  it  is  fed  by  many  mountain  streams.  It  is  in  general 
a  large  stream,  but  at  this  distance  from  the  mountains  it  is  often 
muddy  and  at  times  low,  and  is  subject  to  contamination  by  waste  from 
small  towns  and  mills  along  its  course.  The  water  is  therefore  not  of 
the  best  quality.  A  purer  and  more  desirable  supply  could  be  obtained 
from  Rocky  Spring  or  Falling  Spring,  about  4  miles  distant,  the  waters 
of  both  of  which,  however,  are  hard;  or,  better  still,  from  Crawford 
Springs,  which  issue  from  the  sandstones  of  South  Mountain,  7  miles 
east  of  the  town. 

Waynesboro  obtains  its  water  from  a  small  mountain  stream  in  South 
Mountain  4  miles  to  the  east,  where  a  receiving  reservoir  has  been 
constructed  250  feet  above  the  town.  The  distributing  reservoir  is 
located  on  a  shale  hill  to  the  north  of  the  town.  Fayette ville,  although 
it  depends  chiefly  on  well  water,  pipes  part  of  its  supply  from  springs 
in  South  Mountain. 

The  State  Soldiers'  Orphans'  Industrial  School  at  Scotland  has  a 
water  system  of  its  own,  utilizing  some  small  springs  on  the  premises 
and  pumping  the  water  to  an  elevated  tank.  Greencastle  takes  it^ 
water  from  several  limestone  springs  that  supply  a  reservoir  situated 
2  miles  east  of  the  town  and  150  feet  above  it. 

Fort  Loudon  has  incased  a  spring  on  the  east  side  of  Cove  Moun- 
tain, 1  mile  west  of  the  town,  and  the  water  is  made  to  flow  contin- 
ually through  the  old  public  pumps  on  the  main  street,  from  which 
the  inhabitants  help  themselves.  This  supply  is  unusuall}'^  pure  and 
cool  on  account  of  its  continual  flow  and  because  it  does  not  stand  in 
an  open  reservoir.  A  similar  flowing  public  pump  is  located  at  Foltz, 
at  which  place  the  waters  of  Buck  Run  are  taken  where  it  issues  from 
the  mountains.  A  company  has  been  formed  to  pipe  this  water  from 
a  point  farther  back  in  the  mountains  to  the  town  of  Mercersburg 
(4  miles  southeastward),  which  at  present  has  only  private  wells. 

McConnellsburg,  west  of  the  mountains,  is  supplied  from  a  spring 
and  reservoir  on  the  mountain  slope  200  feet  above  the  town  and  IJ 
miles  distant.  The  other  smaller  villages  in  the  area  depend  on  pri- 
vate wells  and  springs  for  their  supply. 
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In  South  Mountain  there  are  several  noted  springs.  Mont  Alto 
Park,  formerly  belonging  to  the  Mont  Alto  Furnace  Company,  but 
recently  purchased  by  the  State  as  a  timber  reserve,  is  located  in  a 
gap  through  which  flows  a  stream  that  is  supplied  by  a  number  of 
fine  springs,  which  issue  from  the  sandstone.  Pearl  and  Tar  burner 
springs  are  the  best  known.  The  mountains  at  the  gap  have  a  dense 
growth  of  large  pine  and  fir,  preserved  by  the  Mont  Alto  Company,  and 
the  park  which  that  companj^  established  here,  with  its  pure  mountain 
stream  and  springs,  and  outlooks  on  the  heights  above,  is  one  of  the 
most  attractive  resorts  in  South  Mountain.  All  that  it  lacks  to  make 
it  complete  is  a  hotel. 

At  Crawford  Springs,  in  South  Mountain,  2  miles  north  of  Fayette- 
ville.  Doctor  Crawford  once  conducted  a  health  resort.  A  hotel  was 
located  here,  and  baths  were  built  over  the  springs.  The  Tarburner 
Spring  was,  and  is  still,  similarly  utilized.  Springs  are  plentiful  in 
Tuscarom  Mountain  also,  but  none  have  been  developed  for  special 
puiposes. 

There  are  several  large  limestone  springs  in  the  area,  marked  by 
beds  of  water  cress  and  by  stately  weeping  willows.  At  Falling 
Spring  and  Aqua,  3  miles  east  of  Chambersburg,  there  are  numerouH 
large  springs,  which  join  to  form  a  good- sized  stream.  These  issue 
from  sandy  beds  in  the  limestone  series  on  the  sides  of  an  anticline. 

Rocky  Spring,  4  miles  north  of  Chambersburg,  flows  from  the  lime- 
stone at  a  fault  contact  with  overlying  shales.  This  large  spring  is 
one  of  the  chief  sources  of  Back  Creek. 

Blue  Spring,  3  miles  southwest  of  Mercersburg,  issues  in  a  large 
pool  from  the  center  of  a  flat  anticline  in  the  limestone,  but  again 
flows  through  a  cavern  before  it  finally  emerges  to  form  one  of  the 
chief  sources  of  Licking  Creek. 

Mount  Holly  Springs,  about  25  miles  northeast  of  this  area,  along 
South  Mountain,  is  a  very  attractive  summer  resort.  The  springs 
issue  from  the  sandstone  cut  by  the  gap,  and  a  pretty  park  has  been 
built  around  them.  Two  hotels  located  here  entertain  a  large  number 
of  summer  visitors.  A  paper  mill  in  the  gap  uses  the  pure  mountain 
water  directly  from  the  springs  and  makes  a  high  grade  of  bond  paper, 
which  is  used  by  the  Government.  Another  paper  mill  uses  the  town 
water,  which  is  piped  from  a  reservoir  at  Cold  Springs,  3  miles  to  the 
southwest.  This  is  not  so  fresh  nor  so  clear  as  the  water  at  the  upper 
mill,  and  consequent!}'  the  paper  is  not  of  so  high  a  grade. 


Digitized  by  VjOOQIC 


WATER  RESOURCES  OF  THE  CURWENSVILLE, 
PATTON,  EBENSBURG,  AND  BARNESBORO 
QUADRANGLES,  PENNSYLVANIA. 


By  Frederick  G.  Clapp. 


These  quadrangles  are  situated  near  the  eastern  edge  of  the  bitum- 
inous coal  field  in  the  west-central  part  of  Pennsylvania.  The  first 
three  named  cover  a  north-south  belt  lying  mostly  in  Clearfield  and 
Cambria  counties,  but  include  small  portions  of  Bedford  and  Blair; 
the  Bamesboro  lies  west  of  the  Patton,  in  Cambria  and  Indiana  coun- 
ties. Within  the  area  itself  there  are  no  large  towns;  but  Clearfield, 
with  5,000;  Altoona,  with  29,000;  and  Johnstown,  with  36,000  inhabi- 
tants, lie,  respectively,  4,  5,  and  10  miles  outside.  Throughout  the 
region  are  scattered  a  number  of  flourishing  mining  and  other  towns 
having  a  population  of  less  than  3,000,  and  some  of  the  better  parts 
of  the  basins  support  a  scanty  farming  population.  About  one-half  of 
it  consists  of  extensive  barren  tmcts,  either  forested  or  burnt  over, 
which  are  very  sparselj^  inhabited. 

The  Ebensburg  quadrangle  contains  some  of  the  highest  land  in  the 
State,  the  anticline  along  the  crest  of  Allegheny  Mountain  forming 
the  water  parting  between  the  Conemaugh  and  Little  Juniata  rivers. 
A  second  belt  of  high  land  enters  the  area  along  the  Viaduct  and 
Laurel  Hill  anticlinal  axes;  a  third,  less  continuous,  along  the  Nolo 
axis,  in  the  Bamesboro  quadrangle;  and  a  fourth,  a  broad,  high  wil- 
derness along  the  Driftwood  axis,  cuts  across  the  northwest  comer  of 
the  Curwensville  quadrangle.  With  a  few  exceptions  the  principal 
streams  flow  in  a  northeast  course,  following  in  a  general  way  the  anti- 
clinal axes.  The  largest  river  is  the  West  Branch  of  the  Susquehanna, 
which  rises  on  the  west  side  of  Laurel  Hill  near  CarroUtown  and  flows 
40  miles  before  finally  leaving  the  area.  Chest  Creek,  a  tributaiy  to 
the  Susquehanna  at  Mahaffey,  has  a  total  length  of  31  miles.  Clear- 
field Creek,  flowing  northeastward  from  Cresson  along  the  western  slope 
of  AUegheny  Mountain,  has  22  miles  of  its  length  within  the  area. 
Other  less  important  streams  are  the  Conemaugh  River,  Two  Lick, 
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Black  Lick,  Anderson,  and  Little  Cleai-field  creeks.  The  grade  of  the 
streams  is  usually  light,  and  none  of  them  are  used  for  power  except 
locally.  In  a  few  instances,  the  most  important  of  which  are  at  Patton 
and  Curwensville,  the  water  supply  for  towns  is  taken  from  neighbor- 
ing creeks. 

With  the  exception  of  small  tracts  of  Pottsville  sandstone^  and  of 
an  area  of  lower  Carlx)niferous  and  Devonian  rocks  in  the  south- 
eastern part  of  the  Ebensburg  quadrangle,  the  region  is  covered 
entirely  by  the  Lower  Productive  and  Lower  Barren  Coal  Meas- 
ures, and,  as  the  dips  are  very  gentle,  rarely  exceeding  200  feet  in  a 
mile,  springs  are  numerous  throughout,  furnishing  the  farming  popu- 
lation with  abundant  drinking  water  of  excellent  quality.  Several  of 
the  smaller  towns  obtain  their  water  supply  from  this  source.  The 
principal  exceptions  to  the  general  abundance  of  springs  are  on  the 
barren  sandstone  flat«  covering  the  crests  of  many  of  the  ridges  and 
in  some  of  the  shales  of  the  barren  measures,  where  they  form  hilltops 
along  the  Wilmore  and  Johnstown  basins.  The  water  of  the  region 
is  nearly  always  soft. 

At  Cresson  station  is  situated  the  Cresson  Springs  Hotel,  now 
closed,  but  formerly  a  summer  resort  of  the  Pennsylvania  Railroad, 
which  made  much  of  the  water  from  a  '^ magnesia  spring"  coming 
from  a  shale  bed  some  distance  above  the  Mahoning  sandstone.  A 
mile  southeast  of  the  town  are  an  ^'iron  spring"  and  a  ''sulphur 
spring,"  located  at  the  horizon  of  the  Upper  Freeport  coal.  Several 
hotels  at  Cresson  and  Altoona  are  reported  to  serve  water  from  these 
springs,  and  it  is  also  sold  extensively  in  Pittsburg.  The  following 
analyses  of  the  waters  were  made  by  Prof.  F.  A.  Genth:* 


Atuiiifi<es  of  water  in  sfprings  near  Cresson  station,  Pa, 
[In  parts  per  1,000,000.] 


Iron  spring. 


I 


'I 


Trace. 

27.4 

401.5 

3S6. 1 

836.5 

Trace. 

28.1 

5.5 


Alum  spring. 


Sulphate  of  ferric  oxide 

Sulphate  of  alumina 

Sulphate  of  ferrous  oxide 

Sulphate  of  magnesia 

Sulphate  of  lime 

Sulphate  of  lithia 

Sulphate  of  soda 

Sulphate  of  potash 

Chloride  of  sodium 

a  Second  Geol.  Survey  Pennsylvania,  Rept.  HH,  p.  86. 


571.0 

362.6 

278.0 

473. 6 

687.4 

.8 

12.0 

7.3 

.4 


Magnesia 
spring. 


1.9 


21.0 
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Analyses  of  waier  in  springs  near  Oresson  stalimtj  Pa, — CJontiiiued. 


Bicarbonate  of  iron 

Bicarbonate  of  manganese. 

Bicarbonate  of  lime 

Phoephate  of  lime 

Silicic  acid 

Chloride  of  magnesium 

Chlori<le  of  calcium , 

Bicarbonate  of  magnesia. . . 

Bicarbonate  of  soda 

BicarYx»nate  of  potash 

Alumina 

Nitrous  acid 

Carbonic  acid  (free) 


Iron  spring. 


86.1 

Trace. 

60.3 

.5 

20.7 


Alum  spring, 


64.1 


Magnesia 
spring. 


Trace. 
32.0 


1,853.4 


0.3 

Trace. 

.4 

.1 

15.6 

9.6 

22.3 

7.1 

24.4 

3.5 

.1 

Trace. 

11.3 


2,489.2 


117.6 


The  drinking  and  cooking  supply  of  the  towns  is  obtained  from 
various  sources,  a  tabulated  list  of  which  is  given  below.  Several  of 
these  are  worthy  of  especial  note.  Curwensville  obtains  its  principal 
supply  from  mountain  springs  situated  2  to  8  miles  from  the  town, 
which  have  been  analyzed  and  found  to  be  exceedingly  pure.  In 
the  middle  of  the  summer  these  springs  sometimes  run  low,  and  at 
such  times  the  water  of  Anderson  Creek  is  used,  being  pumped  to  a 
system  of  sand  beds  through  which  it  is  filtered.  Whenever  a  change 
is  made  to  creek  water  the  company  gives  notice  to  consumers  that  it 
should  be  filtered  or  boiled  before  using.  The  most  extensive  use  of 
creek  water  is  at  Patton,  where  the  water  of  Chest  Creek  is  used 
almost  entirely,  being  pumped  by  the  Patton  Water  Company  unto 
reservoirs.  This  water  is  of  very  good  quality.  In  addition  to  the 
appended  list  Altoona  and  Holidaysburg  must  be  mentioned,  as  they 
obtain  their  water  supply  principally  from  within  the  Patton  and 
Ebensburg  quadrangles.  The  former  place  uses  water  from  Burgoons 
(iap  Run,  below  Delaney;  the  latter  from  Blairs  Gap  Run.  The 
Pennsj'lvania  Railroad  supply  in  the  vicinity  of  Cresson  comes  from  a 
reservoir  in  Bear  Bock  Run,  several  miles  distant. 
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Sources  of  supply  of  the  principal  ioums. 


Name. 


Popula- 
tion. 


Source  of  supply. 


Gallitzin 2,700 


Patton« ,    2,600 


Pumped  to  reservoir  from 
momitain  stream  1}  miles 
north  of  town. 


Pumped    to    reservoirs 
Chest  Creek. 


from 


Curwensville  ... 


{Mountain  springs 
Anderson  Creek  when  springs 
run  low. 


Cresson 1,700 


Hastings 


1,600 


1,600 


Ebensburg... 
Spanglero '    1,600 


Bamesboro« 

Lilly 


1,500 
1,300 


Coalport « 900 

Portage 800 

Carrolltown !        800 


Mahaffey . 
Irvona  ... 


Grampian 


700 
700 
600 


Reservoir  on  hillside  east  of 
town. 

Reservoir  in  ravine  above  Stir- 
ling No.  8  mine. 

Artesian  wells 


1  Reservoir   in    ravine    below 
j     Benedict. 

Small  stream  2  miles  east  of 
town  fed  by  mountain 
springs. 

Wells 


Quality  of  water. 


Reported  fairly  good. 


Good. 

Excellent. 
Must  be  filtered. 


Pumped  from  spring 


Piped  to  town  from  wells  and 
springs. 

No  waterworks;  supply  ob- 
tained from  wells. 

Two  private  water  lines  from 
springs  within  the  borough 
limits  supply  about  one- 
third  of  town ;  rest  of  supply 
from  wells. 


Good. 

Contaminated  by  drain- 
age. 

Supposed  to  be  good. 


Good. 


Reported  to  be  beet  qual- 
ity. 


Wells  are  good;  water 
from  private  lines  has 
been  questioned,  as  it 
is  in  danger  of  contami- 
nation. 


a  Discussed  in  the  text. 


The  poorest  source  of  supply  is  probably  that  of  Barnesboro  and 
Spangler.  These  two  towns  have  granted  a  franchise  to  a  private 
company  by  which  they  are  furnished  with  water  from  a  reservoir  in 
the  ravine  southeast  of  Spangler.  Above  the  reservoir  has  been  built 
the  mining  town  of  Benedict,  the  drainage  of  which  dangerously  con- 
taminates the  Barnesboro  and  Spangler  supply.  Several  alternative 
sources  have  been  suggested,  the  most  practicable  plan  proposed  prob- 
ably being  to  use  the  water  from  Lancashire  No.  8  mine,  which  is  supposed 
not  to  be  seriously  polluted,  and  which  is  now  pumped  to  a  private  reser- 
voir. The  use  of  this  water  or  that  from  some  still  less  contaminated 
ravine  in  the  vicinity  might  afford  relief,  but  it  is  doubtful  whether 
the  improvement  would  be  more  than  temporary.  Barnesboro  and 
Spangler,  together  with  the  neighboring  towns  of  Moss  Creek,  Cym- 
bria,  Bakerton,  Hastings,  and  Benedict,  all  within  a  radius  of  3  miles, 
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comprise  a  growing  mining  community  which,  if  it  increases  in  popu- 
lation at  the  present  rate,  will  in  a  short  time  contaminate  all  the 
water  in  the  vicinity.  It  is  improbable  that  any  of  the  ravines  con- 
taining outcrops  of  workable  coal  can  escape  contamination  within  the 
next  few  years. 

Conditions  similar  to  those  in  the  vicinity  of  Barnesboro  exist  on  a 
smaller  scale  at  many  other  mining  towns,  both  within  and  without 
the  area  under  consideration.  While  many  of  these  towns  now  have 
satisfactory  water  supplies,  a  large  number  have  not,  and  it  seems 
probable  that  the  question  of  water  supply  will  soon  become  serious. 
Since  only  temporary  relief  can  be  afforded  by  change  from  one  sur- 
face source  to  another,  it  will  be  necessary  to  prospect  below  ground. 

Heretofore  the  abundance  of  good  springs  in  the  region  has  made  it 
unnecessary  to  sink  many  wells,  although  shallow  wells  are  frequent 
along  the  valleys  of  the  larger  streams  and  in  most  of  the  towns,  and 
deep  wells  have  been  sunk  at  a  number  of  places.  The  most  abundant  of 
these  are  in  the  vicinity  of  Ebensburg  and  Chest  Springs.  At  Ebens- 
burg  they  furnish  the  water  supply  of  the  town,  which  is  consequently 
of  the  best  quality.  On  the  hills  immediately  east  of  Chest  Springs  a 
number  of  wells  have  been  drilled  in  the  barren  measures  and  some- 
times reach  to  depths  exceeding  100  feet  before  striking  water.  Iso- 
lated wells  were  observed  at  farmhouses  on  the  ridges  southeast  of 
Curwensville,  south  of  Mahaffey,  and  in  the  vicinity  of  Marron.  At 
a  point  directly  south  of  Lumber  City  a  tank  has  been  erected  on  a  hill 
to  contain  water  for  irrigating  an  orchard.  This  is  the  only  case  of 
irrigation  known  in  the  region.  At  the  tanneries  in  Curwensville,  on 
the  flood  plain,  several  wells  have  been  drilled,  which  supply  abundant 
water  from  horizons  100  to  200  feet  below  the  top  of  the  Pottsville 
formation.  At  the  Westover  tannery  there  is  a  well  182  feet  in  depth. 
Hie  only  flowing  well  observed  was  at  Wilmore.  This  has  a  strong 
flow,  due  to  a  head  of  1,000  feet,  caused  by  the  anticlinal  structure  of 
Allegheny  Mountain  on  the  east  and  indicates  that  if  from  any  cause 
water  should  ever  become  scarce  an  abundant  supply  could  probably 
be  obtained  by  sinking  artesian  wells  along  the  Wilmore  basin.  Simi- 
lar conditions,  but  with  a  smaller  head,  must  prevail  in  the  other  basins. 
It  would  seem,  therefore,  that  the  only  true  and  permanent  remedy  for 
poor  water  supply  in  the  coal-mining  towns  will  be  to  drill  artesian 
wells  along  the  deeper  basins.  In  view  of  the  far-reaching  importance 
of  pure  drinking  water,  it  can  not  be  urged  too  strongly  that  test  wells 
be  put  down  at  well-chosen  points  in  the  several  basins.^  This  is  the 
only  way  to  determine  with  absolute  certainty  whether  or  not  such  a 
supply  is  available. 

«  BtDce  this  report  waa  written  the  pure-water  problem  has  been  successfully  solved  by  the  borough 
oC  Coalport,  which  has  had  two  wells  drilled  into  the  Pottsville  sandstone.  These  wells  are  reported 
to  find  little  water  in  the  sandstone  itself,  but  to  obtain  a  good  supply  from  the  fire  clay  directly  below 
the  Brookville  or  "A"  coal.  The  water  has  a  very  pleasing  taste  and  exists  in  sufficient  quantity  to 
supply  the  entire  town.    A  good  head  is  obtained  by  pumping  to  a  reservoir  on  the  hill 
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WATER  RESOURCES  OF  THE  ELDERS  RIDGE 
QUADRANGLE,  PENNSYLVANU. 


By  Ralph  W.  Stone. 


The  Elders  Ridge  quadrangle  is  located  in  west  central  Pennsylvania, 
between  the  valleys  of  Cowanshannock  Creek  and  Conemaugh  River, 
and  covers  an  area  of  about  225  square  miles.  The  boundary  line 
between  Armstrong  and  Indiana  counties  extends  from  the  northeast 
corner  of  the  quadrangle  to  Kiskiminitas  River,  in  the  southwest 
corner. 

The  tojx)graphy  of  the  quadrangle  is  hilly.  The  extremes  of  alti- 
tude range  from  825  feet  on  Kiskiminitas  River,  near  Salina,  to  1,625 
feet,  the  elevation  of  the  top  of  Watt  Hill,  the  highest  point  in  this 
vicinity.  Although  the  difference  in  altitude  between  the  highest  and 
lowest  points  is  therefore  about  800  feet,  the  average  distance  between 
the  valley  bottoms  and  the  uplands  is  not  more  than  300  feet.  A  few 
small  areas,  each  comprising  less  than  a  square  mile,  are  approximately 
level.  These  are  the  terrace  and  flood-plain  deposits  along  the  larger 
streams.  Some  of  the  ridges  appear  comparatively  flat  topped  when 
viewed  from  an  elevation.  The  valleys  are  narrow  and,  as  a  general 
rule,  without  notable  flood  plains. 

The  drainage  of  this  quadrangle  is  westward  into  Allegheny  River. 
The  largest  stream  is  Kiskiminitas  River,  which  crosses  the  southwest 
corner  for  a  few  miles.  It  is  shallow,  has  a  number  of  rifts,  and  can 
not  be  navigated  except  by  rowboats,  and  even  by  them  only  for 
short  distances.  The  main  tributary  of  the  Kiskiminitas  in  this 
quadrangle  is  Blacklegs  Creek,  the  largest  stream  in  the  southern  half 
of  this  territory.  It  rises  in  the  vicinity  of  Parkwood  and  West 
Lebanon  and  flows  southwestward  to  its  mouth  at  Saltsburg.  This 
stream  is  so  small  that  it  can  be  forded  at  a  number  of  places,  and  its 
grade  is  so  gentle  that  a  dam  near  its  mouth  backs  the  water  up  for  a 
considerable  distance. 

Crooked  Creek  flows  across  the  northern  half  of  the  quadrangle  from 
east  to  west,  and  receives  the  waters  of  Plum  Creek  and  Cherry  Run. 
Eiast  of  Girty  the  valley  of  Crooked  Creek  is  comparatively  broad, 
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but  from  that  point  westward  the  stream  flows  through  a  deep  and 
narrow  gorge,  with  bluflfs  often  200  feet  high.  The  stream  can  be 
forded  at  but  few  places  in  this  quadrangle,  and  carries  a  sufficient 
Tolume  of  water,  even  during  the  low  summer  stages,  to  furnish 
power  for  a  number  of  grist  mills.  Dams  have  been  built  across  it  at 
Coehran  Mills,  South  Bend,  and  Idaho.  It  falls  130  feet  from  Shelocta 
to  Cochran  Mills,  a  distance  of  nearly  18  miles  as  the  stream  flows, 
and  furnishes  sufficient  head  for  water  power  at  frequent  intervals. 
Cherry  Run,  a  tributary  to  Crooked  Creek  at  Cochran  Mills,  drains 
the  northern  portion  of  the  quadrangle.  At  least  one  mill  derives  its 
power  from  this  small  stream.  Plum  Creek,  formed  by  the  junction 
of  its  north  and  south  branches,  joins  Crooked  Creek  above  Idaho  and 
brings  in  a  considerable  amount  of  water.  It  drains  the  northeastern 
corner  of  the  quadrangle  and  flows  across  a  broad  alluvial  plain.  Its 
grade  is  very  gentle  and  it  has  not  yet  been  utilized  at  any  point  for 
water  power.  All  of  the  streams  in  this  quadrangle  have  much 
steeper  grades  toward  their  sources,  and  in  many  places  are  doing 
rapid  cutting  in  the  neighborhood  of  the  divides. 

So  much  of  the  country  has  been  cleared  of  timber  that,  although 
the  rainfall  is  moderate,  after  heavy  storms  the  streams  rise  suddenly 
and  at  that  time  carry  enormous  volumes  of  water.  The  excessive 
supply,  however,  runs  off  almost  as  quickly  as  it  appears,  and  damage 
k  done  only  to  such  property  and  crops  as  are  located  on  the  flood 
plains. 

The  largest  settlement  in  the  Elders  Ridge  quadrangle  is  Avonmore, 
on  Kiskiminitas  River,  which,  according  to  the  census  of  1900,  has  a 
population  of  630.  The  water  supply  of  this  village  is  derived  from 
weUs  sunk  into  the  sands  and  gravels  of  the  river  terrace  on  which  it 
is  built.  Wells  dug  but  a  few  feet  into  this  loose  material  obtain  a 
sufficient  supply  of  good  water. 

The  next  largest  place  is  Elderton,  with  a  population  of  300.  It  is 
situated  in  the  northern  part  of  the  quadrangle,  on  a  small  plateau,  at 
an  elevation  of  250  feet  above  Plum  Creek.  The  village  water  supply 
is  obtained  by  private  wells  of  the  suction  and  chain  type. 

This  quadrangle  is  distinctly  a  rui-al  district,  devoted  to  agriculture, 
and,  as  is  usual  in  such  cases,  depends  almost  entirely  on  wells  and 
springs  for  its  water  supply.  On  a  few  farms  windmills  are  in  use  for 
elevating  water  to  private  tanks.  Roadside  springs  with  water  troughs 
are  common,  and  water  can  be  obtained  at  almost  any  point  by  sinking 
weUs  a  very  short  distance  beneath  the  surface.  The  rocks  that  are 
commonly  known  as  good  water  bearers  are  the  Mahoning  sandstone, 
which  lies  immediately  above  the  Upper  Freeport  coal  and  outcrops 
over  the  greater  part  of  this  quadrangle,  and  the  Pittsburg  sandstone, 
which  overlies  the  Pittsburg  coal  and  is  found  in  the  southern  portion 
of  the  quadrangle  west  of  Blacklegs  Creek. 
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WATER  RESOURCES  OF  THE  WAYNESBURG 
QUADRANGLE,  PENNSYLVANIA. 


By  Ralph  W.  Stone. 


The  Waynesburg  quadrangle  is  located  in  the  southwestern  comer 
of  the  State  of  Pennsylvania,  in  the  eastern  half  of  Greene  County, 
its  southern  boundary  being  2  miles  north  of  the  West  Virginia  State 
line  and  its  western  boundary  about  15  miles  east  of  the  western  line  of 
the  State.  Its  dimensions  are  about  13  by  17  miles,  and  it  comprises 
about  229  square  miles. 

The^  topography  of  this  quadrangle  is  uniformly  hilly.  The  differ- 
ence in  elevation  between  the  bottoms  of  the  valleys  and  the  crests  of 
the  ridges  does  not  exceed  500  feet.  The  ridges  in  a  general  way  trend 
northwest-southeast,  but  can  not  be  said  to  have  any  conspicuous  fea- 
tures. This  part  of  Greene  County  is  distinctly  an  agricultural  dis- 
trict, and  is  reached  by  Monongahela  River  and  by  a  narrow-gauge 
railroad  from  Washington  County. 

The  drainage  of  the  quadrangle  is  eastward  to  Monongahela  River. 
The  Monongahela  itself  crosses  the  northeast  corner  of  the  quadrangle 
for  about  2  miles.  Owing  to  slack-water  conditions,  this  stream  is 
navigable  throughout  the  greater  part  of  the  year  and  affords  an  out- 
let for  the  products  of  the  country  about  its  headwaters  at  all  times, 
except  when  it  is  choked  with  ice.  Without  its  dams  and  locks  the 
Monongahela  would  be  little  better  than  a  broad  creek.  The  principal 
tributaries  of  the  river  in  this  quadrangle  are  the  north  and  south 
forks  of  Tenmile  Creek,  and  Muddy,  Whiteley,  and  Dunkard  creeks. 
The  north  fork  of  Tenmile  enters  from  Washington  County  and  joins 
the  south  fork  at  the  village  of  Clarksville,  a  short  distance  from  the 
Monongahela.  The  south  fork  of  Tenmile  pursues  the  longest  course 
of  any  stream  in  the  quadrangle,  having  its  rise  in  the  west-central 
part  of  Greene  County  and  extending  entirely  across  this  tenitory  in 
a  winding  northeast  direction.  Muddy  and  Whiteley  creeks  have  low 
grades  in  much  of  their  courses.  In  fact,  the  streams  in  this  quad- 
rangle have  no  high  grades,  except  near  their  headwaters.  They  are 
subject  to  flood  and  to  seasons  of  slight  flow,  and  in  summer  are  likely 
to  diminish  to  such  an  extent  that  the  water  stands  along  their  courses 
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in  pools,  with  only  a  very  small  volume  of  running  water.  It  seems 
that  there  is  not  sufficient  supply  for  water  power  at  any  one  point. 

The  village  of  Waynesburg  is  the  largest  settlement  in  the  district 
and  has  a  population  of  about '3, 500.  The  next  largest  village  is  Jef- 
ferson, which  has  a  population  of  310,  and  there  are  a  number  of 
smaller  hamlets.  These  villages  are  located  for  the  most  part  on  the 
stream  courses,  where  travel  is  easier  than  along  the  uneven  crests  of 
the  ridges. 

Waynesburg  derives  its  water  from  the  south  fork  of  Tenmile  Creek, 
at  the  western  end  of  the  village.  It  is  pumped  to  a  reservoir  on  the 
hill  north  of  the  village  at  an  elevation  of  250  feet  above  the  main 
street.  As  the  creek  carries  considerable  silt  after  every  heavy  rain, 
the  supply  is  often  muddy,  although  it  passes  through  a  sand  filter 
before  reaching  the  reservoir.  For  days  at  a  time  the  water  drawn 
from  faucets  is  so  heavily  charged  with  sediment  as  to  be  almost  use- 
less. There  seems,  however,  to  be  no  other  adequate  supply  immedi- 
ately available.  The  proposition  to  drill  deep  wells  has  been  consid- 
ered but  never  tried.  Many  of  the  people  in  Waynesburg — in  fact, 
most  of  them — use  well  water  for  drinking  purposes.  In  most  places 
a  well  sunk  from  17  to  30  feet  will  reach  bed  rock  and  furnish  a  suffi- 
cient amount  of  fairly  pure  hard  water.  The  system  of  waterworks 
at  Waynesburg  is  the  only  one  in  the  quadrangle. 

The  village  of  Jefferson  is  located  on  a  terrace  deposit  of  clays  and 
gravels,  and  obtains  its  water  supply  from  wells  sunk  from  20  to  60 
feet  through  this  material  to  bed  rock.  The  supply  is  sufficient,  and 
but  few  of  the  wells  have  been  known  to  go  dry,  except  during  a 
protracted  drought.  The  water  is  hard.  In  all  of  the  other  villages 
in  the  Waynesburg  quadrangle  the  water  supply  is  obtained  from 
private  wells,  which  are  from  15  to  50  feet  deep. 

Springs  are  comparatively  abundant  in  this  country,  and  the  water 
comes  from  various  formations.  The  Upper  Washington  limestone  is 
a  frequent  water  producer.  Springs  from  this  stratum  are  numerous 
in  Franklin  and  Washington  townships.  It  is  believed  that  the 
Waynesburg  sandstone,  which  overlies  the  Waynesburg  coal,  and 
often  has  a  thickness  of  40  feet,  is  usually  a  water-bearing  rock. 
Wells  sunk  into  it  yield  an  excellent  quality  of  water,  but  care  has  to 
be  taken  not  to  penetrate  to  the  coal. 

The  Waynesburg  Cold  Storage  Company  drilled  an  8-inch  well  134 
feet  deep  at  its  plant  in  the  village  in  March,  1901.  This  well  struck 
wjiter  in  the  Waynesburg  sandstone  and  yields  a  supply  which  the 
pump  has  never  been  able  to  exhaust.  Although  the  pump  raises  75 
barrels  an  hour,  day  and  night,  there  is  always  about  90  feet  of  water 
in  the  hole.     The  water  is  soft  and  is  used  for  the  ice  plant. 
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WATER  RESOURCES  OF  THE  ACCIDENT  AND 
GRANTSVILLE  QUADRANGLES,  MARYLAND. 


Bv  G.  C.  Martin. 


INTRODUCTION. 

Geography. — The  Accident  and  Grantsville  quadrangles  are  located 
in  the  ''  Handle"  at  the  extreme  western  extension  of  Maryland.  A 
I'ltrip  about  2  miles  wide,  belonging  to  Pennsylvania,  is  included  in  the 
northern  portion  of  each  quadrangle,  while  a  smaller  and  narrower 
f}trip  of  territory  belonging  to  West  Virginia  is  included  in  the 
western  portion  of  the  Accident  quadrangle.  Of  the  territory  in 
Maryland  all  but  a  small  area  in  the  southeastern  corner  of  the  Grants- 
ville quadrangle  lies  in  Garrett  County.  Ekch  quadrangle  measurCvS 
approximately  17i  miles  from  north  to  south,  13i  miles  from  east  to 
west,  and  contains  about  235  square  miles.  Friendsville,  Md.,  in  the 
Accident  quadmngle,  and  Elklick,  Pa.,  and  Barton,  Md.,  in  the 
Grantsville,  are  the  largest  villages. 

Relief, — The  topography  of  the  Accident  quadrangle  is  mainly  that 
of  a  plateau  which  has  been  deeply  cut  by  streams.  The  surface  of 
the  upland  lies  in  general  between  2,500  and  3,000  feet,  the  highest 
jparts  being  in  the  southern  and  eastern  portions.  There  are  no  well- 
detined  ridges  rising  noticeably  above  the  general  level  of  the  uplands. 
The  valleys,  especially  along  the  main  drainage  lines,  are  of  the  nature 
of  canyons,  whose  bottoms  are  frequently  from  500  to  1,000  feet  below 
the  plateau.  In  the  Grantsville  area  there  are  three  ridges  rising 
raearly  or  quite  to  3,000  feet,  crossing  the  quadrangle  with  a  northeast- 
southwest  trend,  between  which  plateaus,  similar  to  that  of  the 
A^ccident  quadrangle,  are  developed  at  an  altitude  of,  between,  2,500  to 
2,800  feet. 

Drainage, — ^The  drainage  of  the  Accident  quadrange  is  northward 
by  the  Youghioghen}^  to  the  Monongahela.  In  the  Grantsville  area 
the  drainage  is  in  part  north  by  Castleman  River  to  the  Youghiogheny 
in  Pennsylvania,  and  in  part  southward  by  Savage  River  to  the 
Potomac. 
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WATER  RESOURCEa 
STREAM  SUPPLIES. 


Youghiogheny  Rimer, — The  Youghiogheny  and  its  tributaries  drain 
almost  the  entire  area  of  the  Accident  quadrangle.  It  is  a  large,  pure 
stream  whose  capacity  is  far  in  excess  of  any  probable  demand.  The 
only  contamination  of  the  main  stream  comes  from  the  villages  of  Sang 
Run,  Krug,  Friendsville,  and  Selbysport,  and  from  a  few  sawmills. 
The  tributaries  are  all  very  pure. 

Casileman  River. — ^This  stream  drains  the  northwest  half  of  the 
Grantsville  quadrangle.  It  is  a  large,  uncontaminated  stream,  but 
there  is  no  demand  for  its  watera  in  the  agricultural  region  through 
which  it  flows  in  this  quadrangle. 

Sivvage  Rlv^r. — ^This  stream  drains  the  central  part  of  the  Grants- 
ville quadrangle.  It  is  a  large,  pure  stream  and  furnishes  the  water 
supply  for  the  towns  of  Piedmont,  W.  Va.,  and  Western  port,  Md. 

Georges  CV<?^\— This  stream  drains  the  southeast  corner  of  the 
Grantsville  quadrangle.  The  main  stream  and  the  lower  courses  of 
its  tributaries  are  so  polluted  by  sewage  and  mine  water  as  to  be  totally 
unfit  for  any  purpose.  The  headwaters  of  the  tributaries  are  pure 
and  would  furnish  good  supplies  of  pure  water  for  the  many  mining 
villages  in  the  Georges  Creek  valley  which  are  annually  ravaged  by 
typhoid  fever. 


SPEING   WATER. 


There  are  a  great  many  large,  pure  springs  along  the  belts  of  out- 
crop of  the  Greenbrier  limestone.  These  belts  extend  (1)  along  the 
western  foot  of  Big  Savage  Mountain;  (2)  along  the  eastern  front  of 
Meadow  Mountain;  (3)  along  the  western  front  of  Negro  Mountain; 
(4)  along  the  eastern  front  of  Winding  Ridge;  (5)  through  the  valleys 
of  Deep  Creek  and  Marsh  Run  from  Thayerville  to  McHenry,  thence 
westward  to  Sang  Run  and  along  Youghiogheny  River  for  a  distance 
of  2  miles  north  and  south  of  Sang  Run;  and  (6)  along  the  northern 
and  eastern  edge  of  the  Cranesville  valley. 

These  springs  are  similar  both  in  geologic  relations  and  in  the  prop- 
erties of  their  water  to  the  group  of  springs  from  which  the  celebrated 
Deer  Park  spring  water  is  obtained.  The  Deer  Park  springs  are 
about  6  miles  south  of  the  southern  limits  of  this  folio,  and  are  situ- 
ated along  the  direct  continuation  of  the  line  of  springs  at  the  western 
foot  of  Big  Savage  Mountain. 


ARTESIAN  WATER. 


The  possibility  of  obtaining  artesian  water  has  never  been  properly 
tested  in  this  region.  It  is,  however,  probable  that  the  synclines  that 
underlie  the  valleys  of  Greorges  Creek,  Castleman  River,  and  Youghio- 
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gheny  River  are  artesian  basins,  and  would  yield  plenty  of  good 
artesian  water  from  various  horizons. 

Several  bore  holes  made  in  the  coal-bearing  portions  of  the  syn- 
clines  have  yielded  flows  of  water.  This  water  came  from  the 
Coal  Measures,  and  was  therefore  strongly  impregnated  with  sulphur 
and  iron.  It  is  probable  that  deeper  holes  would  yield  better  water 
from  the  purer  porous  sandstones  which  underlie  the  Coal  Measures. 
There  is,  however,  no  present  demand  in  the  region  for  artesian  wells, 
for  the  numerous  pure  streams  and  springs  yield  a  suppiv  of  water 
tiiat  is  sufficient  for  all  needs. 
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WATER  RESOURCES  OF  THE  FROSTBURG  AND 
FLINTSTONE  QUADRANGLES,  MARYLAND 
AND  WEST  VIRGINIA. 


By  G.  C.  Maktin. 


INTBODUOnON. 


Gefjgraphy. — ^These  quadrangles  are  mostly  in  western  Maryland, 
lying  just  east  of  the  Grantsville  quadrangle.  Like  the  latter  they 
cover  a  narrow  strip  of  Pennsylvania  along  their  northern  borders, 
and  include  on  the  south  a  considerable  area  lying  south  of  Potomac 
River  and  belonging  to  West  Virginia.  The  portion  in  Maryland, 
except  a  small  area  in  the  northeastern  part  in  Garrett  County,  falls  in 
Allegany  County.  The  West  Virginia  area  is  divided  between  Mineral 
County  on  the  west  and  Hampshire  County  on  the  east.  Cumberland 
and  Frostburg,  Md.,  are  in  the  Frostburg  quadrangle,  but  there  are 
no  large  towns  in  the  West  Virginia  portion  of  the  area  or  in  that  part 
of  Maryland  that  is  included  in  the  Flintstone  quadrangle. 

Relief. — The  southwestern  half  of  the  Frostburg  and  nearly  all  of 
the  Flintstone  quadrangle  is  crossed  at  intervals  of  a  few  miles  by 
ridges  varying  in  altitude  from  3,000  feet  on  the  west  to  1,500  feet  or 
less  on  the  east.  Between  these  ridges,  plateaus  having  altitudes 
varying  from  about  2,700  feet  on  the  west  to  900  feet  on  the  east  are 
developed.  The  plateaus,  however,  exhibit  very  little  of  their  original 
level  surface,  being  cut  by  numerous  streams  to  depths  of  many  hun- 
dred feet.  The  ridges  are  due  to  upturned  hard  rocks  of  Silurian, 
Devonian,  and  Carboniferous  age,  while  the  plateaus  are  composed 
mainly  of  Devonian  shales  and  softer  coal-bearing  rocks  of  the 
Carboniferous. 

Drainage. — The  quadrangles  are  drained  by  the  Potomac  River, 
which  enters  the  Frostburg  area  at  its  southern  boundary,  flows  north- 
eastward to  Cumberland,  and  thence  southeastward  across  the  Flint 
stone  area.  The  minor  streams  follow  in  general  the  trend  of  thcj 
ridges,  those  of  the  north  flowing  southwestward  to  the  Potomac  and 
Ukmsb  on  the  south  northeastward  to  the  same  river. 
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WATER   RESOURCES. 
STREAM  8UPPLIBB. 

North  Branch  of  Potomac  River. — ^The  North  Branch  of  the  Poto- 
mac flows  through  the  southern  part  of  this  area  for  a  distance  of  38 
miles.  It  furnishes  the  public  water  supply  for  the  city  of  Cumber- 
land. The  quantity  of  water  is  far  in  excess  of  the  amount  ueeded, 
but  the  quality  is  extremely  bad.  The  water  is,  in  fact,  so  polluted 
that  it  is  entirely  unsuitable  for  domestic  or  industrial  use.  The  pol- 
luting matter  consists  of  the  refuse  from  a  number  of  sawmills  and 
tanneries,  the  drainage  from  a  large  niunber  of  coal  mines,  the  chem- 
icals from  paper  mills,  dye  works,  woolen  mills,  and  gas  plants,  and 
the  sewage  of  Piedmont,  Westemport,  Keyser,  Cumberland,  and  other 
towns.     There  is  great  need  of  some  purer  supply. 

South  Branch  of  Potoniac  River, — The  South  Branch  of  the  Poto- 
mac is  a  large  stream,  which  flows  through  this  area  for  a  distance  of 
about  6  miles.  It  contains  at  all  seasons  a  large  amount  of  pure  water. 
It  is  not  used  at  present,  and  there  is  not  likely  to  be  any  future 
demand  for  it.  It  is,  however,  very  important,  as  it  serves  to  dilute 
the  impurity  of  the  main  stream  of  the  Potomac,  and  thus  improves 
the  qualit}'  of  the  water  supply  of  the  city  of  Washington. 

Georges  Cneh^  Bradd'Ock  Rmi^  and  Jennhigs  Ru7i, — These  streams 
flow  through  the  thickly  populated  mining  regions  in  the  western  part 
of  this  area,  and  are  so  badly  polluted  by  sewage  and  mine  water  as  to 
be  entirely  worthless. 

Smaller  streams. — ^The  headwater  streams  of  the  entire  region,  situ- 
ated as  they  are  largely  in  forested  areas,  are  unpolluted  and  would 
furnish  pure  water  supplies  for  the  smaller  towns.  Evitts  Creek,  Pat- 
terson Creek,  and  Town  Creek  are  the  largest  of  the  unpolluted  sti'eams, 
and  all  contain  pure  water  for  the  entire  length.  Their  water  is  not 
used  at  present. 

SPRING   WATER. 

The  largest  springs  in  this  region  are  on  the  belts  of  outcrop  of  the 
limestone  formations.  The  lines  of  upper  contacts  of  the  Greenbrier 
limestone  and  the  Helderberg  limestone  are  marked  by  a  great  many 
springs  of  large,  constant  flow  and  great  purity.  One  of  these  springs, 
at  the  contact  of  the  Mauch  Chunk  shales  and  the  Greenbrier  lime- 
stone, at  the  western  foot  of  Big  Savage  Mountain,  furnishes  a  large 
part  of  the  water  supply  of  the  town  of  Frostburg.  This  supply  could 
be  greatly  increased  by  the  development  of  other  springs  in  neighbor- 
ing localities.  The  town  of  Lonaconing,  which  is  at  present  very 
poorly  supplied  with  contaminated  water,  could  get  a  similar  supply 
on  the  western  slope  of  Big  Savage  Mountain.  The  celebrated  Deer 
Park  spring  water  comes  from  a  series  of  large  springs  not  many  miles 
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southwest  of  this  region  in  this  same  belt  of  outcrop  of  the  Greenbrier 
limestone.  A  series  of  similar  springs  might  be  developed  along  the 
eastern  part  of  the  Dans-Piney-LitUe  Allegheny  Mountain  range  which 
would  furnish  a  partial  or  even  a  comjdete  supply  of  pure  water  for 
the  city  of  Cumberland. 

The  line  of  contact  between  the  Oriskany  sandstone  and  Helderberg 
limestone  and  a  large  part  of  the  areas  of  those  formations  contain  a 
great  many  large  springs  which  are  important  for  local  rural  use. 

ABTBBIAN  WATER. 

Part  of  the  water  supply  for  the  t?own  of  Frostburg  is  obtained 
from  an  artesian  well  li  miles  west  of  that  town,  on  the  eastern  slope 
of  Big  Savage  Mountain.  Water  is  said  to  have  been  found  in  sand- 
stones of  Carboniferous  age  at  depths  of  81,  182,  527,  and  1,200  feet. 
The  amount  of  water  procured  from  the  various  horizons  is  not 
known;  nor  is  it  certain  whether  the  water  is  derived  from  contami- 
nated horizons  near  the  surface  or  from  deeper  pure  sources.  If  this 
well  reached  the  Mauch  Chunk-Greenbrier  horizon  and  the  shallower 
water  were  cased  off  an  ample  pure  supply  would  result.  There  is  an 
area  of  about  90  square  miles  in  the  northwest  central  part  of  the  Frost- 
burg quadrangle  where,  in  the  Georges  Creek  syncline,  this  Mauch 
Chunk-Greenbrier  water  horizon  could  be  struck  at  depths  of  from 
1JK)0  to  2,400  feet.  The  water  will  not  rise  anywhere  in  these  wells 
al)ove  an  elevation  of  2,700  feet  above  sea  level,  and  is  probably  drained 
out  of  the  syncline  in  the  vicinity  of  Braddock  Run  and  Jennings  Run 
to  the  levelof  1,000  feet. 

It  is  highly  probable  that  the  Oriskany  and  Tuscarora  sandstones 
contain  artesian  water  in  their  synclinal  areas.  There  are  areas  to  the 
north,  northeast,  and  south  of  Cumberland  where  artesian  wells,  if 
properly  located  with  regard  to  the  local  details  of  structure,  would  be 
almost  certain  to  strike  pure  flowing  water  in  the  Oriskany  and  Tus- 
carora sandstones.  Similar  conditions  exist  over  a  large  proportion  of 
the  Flintstone  quadrangle,  but  except  in  the  vicinity  of  Cumberland 
there  is  no  demand  for  artesian  water. 
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WATER  RESOURCES  OF  COWEE  AM)  PISGAH 
QUADRANGLES,  NORTH  CAROLINA. 


By  HoYT  S.  Gale. 


The  Cowee  and  Pisgah  quadrangles  are  in  western  North  Carolina, 
their  southernmost  limits  overlapping  into  South  Carolina.  They 
include  parts  of  Macon,  Jackson,  Swain,  Haywood,  Transylvania, 
Buncombe,  and  Henderson  counties  in  North  Carolina.  Their  total 
area  is  about  1,950  square  miles. 

Geographically  these  quadrangles  are  situated  in  the  heart  of  the 
southern  Appalachian  Mountains,  covering  an  area  of  comparatively 
high  and  roughly  dissected  country.  The  headwater  valleys  of  French 
Broad  River,  in  the  Pisgah  quadrangle,  and  of  Little  Tennessee  River, 
in  the  Cowee  quadrangle,  include  the  greater  part  of  the  open  country 
they  contain.  The  smoothly  graded  debris  slopes  of  these  and  some 
other  valley  bottoms  are  in  strong  contrast  with  the  sharp  dissection 
of  the  territory  in  general.  However,  the  area  contains  numerous 
remnants  of  old  plateaus,  recording  several  distinct  periods  of  ancient 
peneplanation,  and  many  examples  of  the  original  mature  topography, 
as  yet  untouched  by  readjusting  drainage,  are  found  high  up  about  the 
uppermost  headwaters.  Still  above  these  plateau  levels  rise  many 
residual  peaks. 

Drainage, — ^The  larger  part  of  the  drainage  belongs  to  the  Missis- 
sippi River  system.  The  Blue  Ridge,  the  main  divide  between  the 
Mississippi  and  the  Atlantic  waters,  passes  through  the  southern  halves 
of  the  two  quadrangles.  Most  of  the  streams  south  of  this  divide 
have  worked  their  grades  back  to  steep  slopes,  often  escarpments,  at 
their  very  heads.  The  Mississippi  drainage  north  of  the  divide  has, 
however,  been  less  active  in  its  channel  cutting,  being  held  up  by 
greater  difficulties  in  its  paths  and  the  longer  route  traversed  to  reach 
the  sea  level.  Most  of  the  remnants  of  old  land  topographies  spoken 
of  above  are  thus  found  on  the  Mississippi  side  of  the  Blue  Ridge. 
Subsequent  incision  of  these  stream  channels  has  not  yet  receded 
upstream  far  enough  to  affect  grades  at  the  headwaters. 

The  Cullasaja  River  is  a  good  example  of  the  streams  on  the  Mis- 
sissippi side  of  the  Blue  Ridge.  Heading  on  the  slopes  of  the  residual 
peaks  in  the  vicinity  of  Highlands,  and  also  on  the  Highlands  plateau, 
of  about  3,800  feet  elevation,  it  collects  its  waters  from  a  drainage 
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basin  of  smooth,  well-rounded  slopes.  About  a  mile  below  Highlands 
it  comes  to  the  edge  of  this  plateau  and  begins  to  drop  off  in  cascades 
and  falls,  and  its  valley  becomes  steep  sided  and  deep.  The  immediate 
locations  of  the  falls  are  determined  by  the  harder  ledges  of  rock. 
In  most  cases  here,  as  elsewhere  in  this  region,  these  ledges  are  granite. 
In  the  next  6  miles  the  river  drops  1,200  feet,  an  average  grade  of  200 
feet  in  a  mile.  For  the  remainder  of  its  course  to  Franklin  its  grade 
again  flattens  out.  Along  this  stretch  is  the  plateau  of  Little  Tennes- 
see River.  From  Rabun  Gap,  the  main  head  of  the  Little  Tennessee, 
to  Franklin  this  river  falls  about  100  feet  in  25  miles,  or  4  feet  to  the 
mile.  Below  Franklin  the  Little  Tennessee  comes  to  the  edge  of  this 
lower  plateau  and  falls  off  more  rapidly  again. 

French  Broad  River  is  in  character  very  similar  to  the  Little  Ten- 
nessee. Along  both  rivers  the  lower  plateaus  are  at  an  elevation  of 
about  2,100  feet  above  sea  level,  and  into  them  both  streams  have 
slightly  incised  their  channels.  The  French  Broad  runs  a  course  of 
about  45  miles  from  its  main  forks  near  Ekstatoe  Ford  to  the  point 
where  it  leaves  the  Pisgah  quadrangle,  fn  this  distance  it  falls  from 
2,180  feet  to  2,000  feet  above  sea  level— 180  feet  in  45  miles,  or  4  feet 
in  a  mile.     Streams  so  well  graded  are  very  exceptional  in  this  region. 

The  west  fork  of  Tuckaseegee  River  gathers  into  a  stream  of  con- 
siderable size  the  waters  of  an  upper  plateau  level  of  about  3,600  feet. 
Just  below  Glenville,  in  Jackson  County,  it  comes  to  the  plateau  edge 
and  drops  900  feet  in  6  miles,  or  150  feet  to  the  mile.  The  East  Fork 
similarly  drops  over  100  feet  a  mile  for  more  than  10  miles. 

The  heaviest  grades  are  south  of  the  Blue  Ridge.  The  descent  is 
here  concentrated  into  one  steep  slope  from  the  Blue  Ridge  plateau 
down  to  the  Pieiknont  Plateau.  The  intermediate  levels  that  occur  on 
the  Mississippi  streams  do  not  occur  here,  so  that  the  Blue  Ridge  is 
characteristically  an  escarpment  overlooking  the  Piedmont  Plateau. 
Caesars  Head  is  a  feature  of  this  escarpment.  Ten  miles  west  of 
Ciesars  Head  the  Blue  Ridge  and  the  escarpment  diverge,  and  an 
upper  plateau  intervenes  between  the  main  divide  and  the  fall  line  of 
the  streams.  This  plateau  extends  about  20  miles  westward,  as  far  as 
Whiteside  Mountain.  Streams  heading  within  this  belt,  therefore, 
have  flat  headwater  grades  similar  to  those  of  Cullasaja  River  in  the 
Mississippi  drainage.  However,  the  drop  from  the  Blue  Ridge 
platetiu  to  the  Piedmont  Plateau  is  far  greater  than  any  that  occurs 
on  the  Mississippi  side  of  the  divide.  For  example,  the  Toxaway 
River  is  3,000  feet  at  Lake  Toxaway,  and  in  5  miles  it  falls  to  1,300 
feet,  or  at  the  rate  of  340  feet  in  a  mile.  It  would  seem  that  these 
.streams  offer  much  available  power,  but  the  falls  are  almost  always 
difficult  of  access  and  most  of  them  are  distant  from  present  lines  of 
transportation. 

Springs. — This  is  on  the  whole  a  region  sparsely  settled  and  little 
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developed  commercially  or  industrially,  and  little  or  nothing  is  known 
concerning  the  underground  waters  except  as  they  issue  in  springs, 
or  perhaps  through  the  few  existing  wells.  The  country  is  abund- 
antly supplied  with  springs,  except  along  the  gravel  and  bowlder 
dejwsits,  which  form  the  valley  bottoms  of  the  larger  streams.  The 
water  is  for  the  most  part  very  pure.  The  rocks  are  typically  siliceous 
or  micaceous,  containing  little  readily  soluble  material  either  in  them- 
selves or  in  their  soils.  The  soils  are  loose  and  coarse,  usually  sandy 
rather  than  clayey,  and  do  not  afford  much  material  that  will  stay  in 
suspension  in  the  water.  However,  mineralized  waters  do  occur  in 
numerous  instances.  These  can  be  separated  into  at  least  two  classes. 
Besides  the  granites  and  micaceous  gneisses,  a  more  basic  rock,  con- 
taining much  hornblende  and  other  iron  minerals,  traverses  the  region 
in  long,  narrow  bands.  Springs  issuing  along  these  bands  are  fre- 
quently heavily  charged  with  iron.  Their  occurrence  is  rendered 
noticeable  by  the  deposits  of  iron  hydrates  that  accumulate  about 
them.  A  spring  that  forms  an  excellent  example  of  this  class  issue 
directly  from  a  narrow  outcrop  of  hornblende-gneiss  just  below  the 
dam  at  Fairfield  Lake,  in  Jackson  County. 

Another  type  of  mineralization  of  spring  waters  has  been  noted 
where  formation  contacts,  and  especially  zones  of  faulting,  show  a 
development  of  pyrite,  with  perhaps  other  minerals.  Weathering  of 
these  to  a  soluble  form  stains  the  rocks  with  copperas  and  impregnates 
the  water  that  flows  through  them.  Sulphur  and  iron  waters  observed 
at  a  number  of  localities  undoubtedly  obtain  their  mineral  content  in 
this  way.  The  most  accessible  and  best  known  sulphur  and  iron  water 
occurs  at  Waynesville,  at  the  "Haywood  White  Sulphur  Springs,'' 
but  the  writer  is  not  prepared  to  say  how  it  originates. 

In  considering  the  underground  waters  it  is  necessary  to  distinguish 
at  least  three  definite  types  of  topography  and  surface  drainage  which 
are  conspicuous  in  this  region.  The  thinly  covered  ledges  of  the 
residual  peaks  that  stand  above  the  old  plateau  levels  shed  water  rap- 
idly from  their  steep  slopes.  Flow  within  these  massive  rocks  must 
be  slight,  except  through  cracks  and  fissures.  On  the  plateau  levels, 
however,  prolonged  weathering  has  produced  a  heavy  cover  of  soil 
which  must  be  comparatively  porous.  This  is  well  supplied  with 
water  from  the  residuals,  and  on  the  other  hand  well  supplied  with 
outlet  drains  at  the  plateau  edges,  and  a  strong  and  constant  under- 
ground flow  must  result  within  this  cover.  In  the  stream  bottoms,  at 
lower  levels,  are  graded  plains  of  wash  debris,  from  which  the  water 
does  not  often  come  to  the  surface  to  form  springs.  Here  the  water 
supply,  if  not  taken  from  the  stream  itself,  must  be  drawn  from  wells 
or  piped  from  neighboring  hillsides.  As  the  larger  towns  are  usually 
situated  in  the  open  valley  lands  they  are  least  easily  supplied  with 
pure  water.     All  of  the  countv  seats  within  the  area  are  so  situated. 
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WATER  RESOURCES  OF  THE  MIDDLESBORO- 
HARLAN  REGION  OF  SOUTHEASTERN  KEN- 
TUCKY. 


By  George  H.  Ashley. 


This  area,  which  takes  its  name  from  the  towns  of  Middlesboro  and 
Harlan,  is  a  belt  of  country  occupying  the  region  between  Pine 
Mountain  on  the  north  and  Cumberland  Mountain  on  the  south,  and 
is  located  in  Bell  and  Harlan  counties,  in  southeastern  Kentucky.  It 
extends  from  the  headwaters  of  Yellow  Creek,  near  the  Kentucky - 
Tennessee  line,  in  a  course  about  N.  60^  E.  to  Big  Black  Mountain,  a 
distance  of  about  60  miles.  At  its  western  end  the  belt  is  about  10 
miles  wide,  at  the  eastern  end  about  15  miles  wide,  and  its  area  about 
750  square  miles. 

The  topogi-aphy  is  that  of  a  basin  bounded  on  the  north  and  south 
by  two  hifjii  mountain  ridges  and  limited  on  the  east  and  west  by  the 
divide^  at  the  heads  of  the  streams  draining  toward  the  middle  of  the 
ba^in  and  passing  out  by  way  of  the  Cumberland  River  through  Pine 
Mountain  at  Pineville  Gap.  The  region  between  the  ridges  has  now 
been  cut  down  by  the  rivers  until  only  sharp  ridges  remain.  These 
conmionly  vary  from  2,500  to  3,400  feet  in  altitude.  The  streams  are 
generally  from  500  to  2,000  feet  below  the  crest,  the  Cumberland 
River  having  an  altitude  of  980  feet  where  it  leaves  the  basin.  The 
slopes  of  the  hillsides  are  nearly  all  steep,  the  only  flat  lands  being 
narrow  belts  along  the  streams.  The  hills  throughout  the  basin  are 
generally  forested. 

Greologically  the  area  is  a  synclinal  basin,  the  axis  of  which  lies  to 
the  north  of  the  center,  or  nearer  to  Pine  Mountain.  In  the  center 
of  the  basin  the  dips  are  slight,  but  run  up  to  nearly  or  quite  vertical 
on  the  flanks  of  the  bounding  ridges.  The  rocks  consist  of  alternating 
beds  of  sandstone,  shale,  and  coal,  the  sandstones  predominating. 

Many  cabins  are  scattered  over  the  slopes  and  crests  and  in  the 
ravines  throughout  the  hilly  region.  In  fact,  the  majority  of  the 
inhabitants  are  located  among  the  hills,  though  the  prosperous  habi- 
tations are  nearly  all  in  the  towns  or  along  the  river  bottoms. 

Along  the  bottoms  water  is  obtained  either  from  shallow  wells  in  the 
river  gravels  or  from  near-by  springs.     In  the  hilly  region  springs  are 
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especially  abundant  and  constitute  the  chief  source  of  supply,  even  up 
to  the  very  crests,  although  a  few  shallow  wells  have  been  dug  on  the 
hilltops.  In  times  of  prolonged  drought  the  springs  occasionally  fail, 
and  recourse  is  had  to  streams,  which,  however,  are  sometimes  so  low 
that  water  appears  only  in  isolated  pools.  The  waters  of  the  springs 
and  wells  are  noncalcareous  and  are  of  good  quality. 

The  town  of  Middlesboro  obtains  water  from  Little  Yellow  Creek, 
a  stream  that  flows  along  the  foot  of  Cumberland  Mountain  and  is  fed 
from  large  springs  from  sandstone.  The  water  is  pumped  from  an 
artificial  lake  made  by  a  concrete  dam  across  the  creek  to  a  reser\'oir 
on  a  near-bj'  hilltop.  The  pumping  station  is  a  mile  from  the  center 
of  the  town.  A  large  spring,  which  formerly  came  out  a  little  below 
the  summit  of  Cumberland  Gap,  was  diverted  by  the  building  of  the 
railroad  tunnel  and  is  now  piped  to  town  for  the  use  of  the  local  tan- 
nery. A  number  of  deep  wells  have  been  bored  at  Middlesboro  for 
oil,  but,  though  obtaining  no  oil,  at  least  one  of  them — that  at  the 
mouth  of  Bennett's  Fork — ogives  an  abundant  flow  of  water  from  the 
Lee  conglomerate.  One  well  is  750  feet  deep.  Similar  artesian  water 
might  be  found  elsewhere,  but  no  other  wells  have  yet  been  drilled. 

Pineville  is  supplied  from  a  small  tributary  of  Hagan  Mill  Branch 
of  Cumberland  River.  It  is  a  small  stream  fed  by  springs  on  the 
soiith  side  of  Pine  Mountain,  li  miles  east  of  the  gap.  The  pumping 
station  is  located  on  the  Cumberland  River. 

Water  power  on  a  very  small  scale  is  obtained  at  a  number  of  places 
on  Cumberland  River  and  on  its  forks  and  branches.  At  only  two 
points  is  there  promise  of  considerable  power,  one  of  which  is  on 
Shillaly  Creek.  This  stream  rises  on  a  broad  plateau  between  Cum- 
berland and  Brushy  Mountain,  and  attains  a  considerable  volume  before 
it  descends  into  the  deeper  valley.  Martins  Fork  of  Cumberland 
River  heads  near  Shillaly  Creek  and  descends  in  a  similar  but  more 
gradual  manner,  and  with  somewhat  larger  volume. 
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SUMMARY  OF  THE  WATER  SUPPLY  OF  THE 
OZARK  REGION  IN  NORTHERN  ARKANSAS. 


By  George  I.  Adams. 


During  the  progress  of  geological  work  in  the  Ozark  region  of 
northern  Arkansas  considerable  data  has  been  collected  in  regard  to 
the  water  resources.  This  paper  is  intended  as  an  outline  of  the  con- 
ditions of  occurrence  of  the  springs,  which  are  numerous  and  impor- 
tant. They  are  in  many  cases  the  heads  of  streams,  with  which  the 
area  is  well  supplied. 


Fio.  82.— 8ketch  map  of  Ozark  re^on  In  northern  Arkansas. 

The  accompanying  sketch  map  of  a  portion  of  the  State  shows  the 
location  and  extent  of  the  Ozark  region.  Observations  have  been 
largely  confined  to  the  western  part  of  the  area,  but  some  of  the 
springs  in  the  eastern  part  have  been  noted,  so  that  the  geologic  rela- 
tions of  the  ground  waters  as  outlined  is  thought  to  be  consistent  for 
the  whole. 

THE  OZARK   REGION   AND   ITS  DIVISIONS. 

The  Ozark  region  in  Arkansas  includes  two  distinct  types  of  country, 
the  characters  of  which  are  determined  by  the  structure  and  extent  of 
the  rock  formations.  The  southern  of  these  is  the  Boston  Mountains,  a 
dissected  highland  which  extends  from  the  vicinity  of  Batesville  west- 
ward to  the  Indian  Territory  line.  To  the  south  it  blends  with  the 
Arkansas  Valley  region.     Its  northern  border  is  outlined  by  the  Boston 
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escarpment,  which  is  very  irregular,  being  cut  by  numerous  stream 
valleys,  between  which  are  irregular  peninsula-like  promontories. 

North  of  the  Boston  Mountains  and  at  a  lower  level  is  the  more  even 
country  that  forms  a  part  of  the  Ozark  Plateau,  which  extends  north- 
ward into  Missouri.  The  surface  features  are  closely  related  to  the 
nearly  horizontal  rock  formations.  The  rocks  which  outcrop  in  this 
area  belong  principally  to  two  classes.  They  may  be  spoken  of  as  the 
Mississippian  limestone  and  the  Ordovician  dolomites.  The  Mississip- 
pian  limestones  are  higher  geologically  and  the  area  in  which  they 
outcrop  is  known  as  the  Springfield  upland.  The  area  of  the  Ordovi- 
cian dolomites  is  nearly  coextensive  with  the  Salem  upland.  The^e 
two  divisions  of  the  plateau  are  separated  by  a  more  or  less  distinct 
escarpment,  known  as  the  Burlington  escarpment,  which  has  a  height 
of  approximately  300  feet. 

When  viewed  in  a  broad  way  the  higher  portions  of  the  Springfield 
and  Salem  uplands  are  seen  to  fall  in  a  slightly  warped  plain,  which  is 
dissected  by  the  streams.  The  drainage  of  the  western  portion  of  the 
Ozark  region  in  Arkansas  is  tributary  to  Illinois  and  Elk  rivers,  which 
find  their  way  around  the  western  end  of  the  Boston  Mountains  into 
Grand  River  and  eventually  into  the  Arkansas.  The  remaining  streams 
that  head  in  the  region  are  tributary  to  White  River,  which  flows  in 
an  irregular  course  northward  and  then  southeastward  around  the 
eastern  end  of  the  Boston  Mountains.  In  the  eastern  portion  of  the 
Salem  upland  there  are  a  number  of  streams  which  enter  the  State 
from  Missouri.  Some  of  these  are  tributary  to  White  River  within 
the  Ozark  region,  while  others  enter  Black  River,  which  flows  along 
the  eastern  border.  The  larger  creeks,  and  especially  the  rivers,  are 
perennial.  The  minor  ones  flow  during  most  of  the  year,  but  during 
the  drier  seasons  the  water  in  them  stands  in  pools  or  has  a  decreased 
flow,  which  is  contributed  by  springs.  The  fact  that  the  country  is 
well  watered  is  largely  due  to  the  natui*e  of  certain  rock  formations 
which  hold  a  large  content  of  water. 

SPRINGS  OF  THE  OZARK   REGION. 

The  horizons  of  the  springs  are  in  large  measure  determined  by 
certain  formations  which  afford  easy  channels  for  the  underground 
water,  and  by  othei*s  which  are  impervious  and  guide  the  flow  along 
the  dip  of  the  rocks  to  their  outcrops.  The  following  classification  of 
the  springs  of  the  region  is  tentative  only;  further  observations  and 
more  detailed  study  will  probably  enable  a  classification  to  be  proposed 
which  will  more  fully  cover  the  conditions  existing. 

SPRINGS  RELATED  TO  THE  LIMESTONES   IN  THE  BOSTON   ESCARPMENT. 

The  rocks  that  outcrop  in  the  Boston  Mountains  are  principally 
sandstones  and  shales.  There  are,  however,  two  limestone  formations 
which,  although  usually  but  from  6  feet  to  50  feet  thick^  are  persistent 
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The  lower  is  known  as  the  Pitkin  limestone  and  the  upper  as  the 
Brentwood.  The  effect  of  these  formations  on  the  topography,  as  the 
result  of  their  manner  of  weathering,  is  to  produce  benches.  Their 
outcrops,  although  often  concealed,  are  f requentl}^  seen  as  conspicuous 
ledges.  The  ground  water  finds  an  easy  path  along  the  bedding  planes 
and  joints  of  these  rocks,  and  because  of  slight  undulations  of  the 
formation  it  converges  at  certain  points  and  issues  as  springs.  The 
occurrence  of  these  springs  at  the  headwaters  of  Illinois  River  in  the 
vicinity  of  Prairie  Grove,  and  at  many  other  localities,  influenced  the 
early  settlers  in  their  selection  of  sites  for  homes.  A  spring  of  this 
type  is  seldom  found  which  is  not  the  site  of  a  settlement,  and  in  some 
cases  they  have  determined  the  location  of  towns. 

BPRINOS  BELATED  TO  THE  BOONE   LIMESTONE   AND  CHERT. 

The  principal  formation  in  the  Springfield  upland  is  the  Boone  lime- 
stone and  chert.  Circulating  water  finds  easy  channels  along  its  bed- 
ding planes  and  joints,  and,  as  is  often  the  case  in  such  rocks,  numerous 
solution  channels,  and  occasionally  caves  and  sinks,  have  been  formed 
in  it.  A  large  amount  of  the  underground  water  in  the  Boone  chert 
is  contributed  to  the  streams  without  appearing  as  springs.  In  some 
places,  however,  it  issues  at  the  heads  of  valleys  or  at  levels  above 
streams,  and  forms  important  springs.  A  few  of  the  springs  are  so 
large  that  their  waters  have  been  dammed  or  conducted  by  means  of 
flumes  to  furnish  power  for  small  mills.  At  many  towns  they  are  the 
source  of  water  supply,  and  in  some  instances  the  locality  is  utilized 
as  a  sununer  resort,  as  at  Monte  Ne,  for  example. 

8PRING8   RELATED  TO  THE  SHALE   BED   AT  THE   BASE   OP  THE   BOONE  LIMESTONE. 

In  the  western  part  of  the  Ozark  Plateau  a  bed  of  shale  ranging 
from  a  few  feet  up  to  50  feet  in  thickness  lies  underneath  the  Boone 
formation.  The  influence  of  this  impervious  bed  upon  the  circulation 
of  the  ground  water  is  to  carry  it  along  its  upper  surface  with  the 
dip  to  the  outcrop.  Many  springs  issue  at  the  base  of  the  Boone 
limestone,  just  above  the  shale.  The  best  known  is  Eureka  Spring, 
which  has  become  famed  as  a  health  resort.  While  many  of  the 
springs  occurring  a^  this  horizon  do  not  carry  a  large  volume  of  water, 
they  are  of  considerable  importance  as  a  source  of  domestic  supply  to 
individual  households  or  neighborhoods. 

HPRlN(i»   BELATED  TO  THE  SANDSTONE   AT  THE  TOP  OP  THE  YELLVILLE   DOLOMITE. 

Descending  in  the  geologic  section  the  next  important  formation 
as  a  source  of  springs  is  this  sandstone.  It  is  a  loosely  cemented 
sandstone,  and  the  waters  which  issue  from  it  are  ''softer"  than  those 
previously  mentioned — that  is,  they  carry  but  little  lime.  The  water 
issuing  from  the  sandstone  does  not  usually  afford  a  large  supply, 
but  because  of  its  softness  it  is  particularly  desirable. 
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8PRINQS  RBLATBD  TO  THB  YELLVILLE  DOLOBCITB. 

The  Yellville  dolomite  outcrops  over  nearly  the  entire  area  of  the 
Salem  upland.  Its  r61e  as  a  water  reservoir  is  similar  to  that  of 
the  Boone  formation.  However,  there  are  local  beds  of  snale  and 
argillaceous  layers  in  the  Yellville  formation,  and  in  some  instances 
they  guide  the  ground  water  to  a  point  of  outcrop.  The  springs  from 
the  dolomite  are  numerous,  but  much  of  the  water  issues  directly  into 
the  streams  without  appearing  as  springs.  The  formation  as  seen  in 
its  natui-al  exposures  exhibits,  especially  along  the  bluffs,  so'ution 
channels  showing  the  point  of  issuance  of  ground  water  before  the 
streams  had  cut  their  valleys  down  to  their  present  positions.  Within 
the  area  of  the  Yellville  formation  there  are  many  sink  holes  and  cav 
erns.  The  ground  water  undoubtedly  moves  in  important  channels. 
At  Mammoth  Springs,  a  station  on  the  Memphis  Railway    on  the 
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northern  border  of  the  State,  the  water  issues  with  such  volume  that 
it  is  often  spoken  of  as  a  small  river.  It  contributes,  as  do  many  of 
the  springs  of  the  region,  to  the  natural  beauty  of  the  scenery  and  the 
enjoyment  of  pleasure  seekers. 

Many  of  the  springs  of  this  region  are  more  or  less  renowned,  and 
some  have  been  frequented  for  many  years  as  health  resorts.  Analyses 
of  the  waters  from  some  of  them  have  been  made,  and  certain  of  them 
are  reputed  to  have  medicinal  value  and  in  rare  instances  do  contain 
unusual  minerals  in  solution.  It  may  be  said  of  the  springs  of  the 
region  in  general  that  they  are  particularly  pure  and  wholesome.  As 
such  they  are  valuable  for  domestic  purposes,  and  in  some  instances  as 
a  supply  for  small  towns.  A  few  of  them  are  regarded  as  possessing 
therapeutic  qualities  which  render  them  valuable  in  specific  ailments. 
None  of  the  springs  in  this  region  are  hot  springs.  On  the  contrary, 
the  temperature  of  them  in  summer  time  is  such  as  to  render  them 
cool  and  potable.  The  country  is  at  present  sparsely  settled.  No 
doubt  more  of  the  springs  which  are  now  allowed  to  run  to  waste  will, 
because  of  their  surroundings,  become  valuable  as  pleasure  and  health 
resorts. 
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NOTES  ON  THE  HYDROLOGY  OF  CUBA. 


By  M.  L.  Fuller. 


INTRODUCTION. 


The  problems  of  the  water  resources  of  Cuba  were  brought  forcibly 
to  the  attention  of  those  interested  in  the  island  during  the  period  of 
occupation  by  the  American  army.  Notwithstanding  the  great  abun- 
dance of  water  on  the  island  as  a  whole,  it  was  found  that  in  many  of 
the  relatively  level  strips  along  the  shores  the  supply  was  frequently 
both  insufficient  and  of  a  poor  quality.  This  led,  in  a  considerable 
number  of  instances,  to  the  sinking  of  wells  by  the  War  Department. 
The  attention  given,  both  by  the  Americans  and  the  natives,  to  the 
question  of  utilizing  more  fully  the  splendid  natural  resources  of  the 
island  will  doubtless,  under  the  present  improved  conditions,  lead  to 
the  introduction  of  pure  supplies  in  many  villages. 

At  many  of  the  mineral  springs  hotels  and  baths  were  constructed 
and  resorts  developed  by  the  Spanish.  Some  of  the  springs  are  equal 
to  many  of  the  famous  spring  resorts  of  Europe  and  America  in 
natural  beauty  of  surroundings  and  in  the  quality  of  their  waters,  and 
will  probably  in  a  few  years  become  popular  with  many  Americans. 
The  caves,  though  having  many  natural  attractions,  are  in  many 
instances  inaccessible,  and  have  been  until  recently  almost  unknown 
to  people  outside  the  regions  in  which  they  occur. 

The  purpose  of  the  present  notes  is  to  give  a  summary  of  the  natural  - 
and  artificial  water  resources  of  the  island,  including  town  water  sup- 
plies and  springs  and  the  underground  drainage  with  its  resulting 
caverns. 

Acknowledgments, — The  facts  included  in  the  following  notes  have 
been  drawn  from  a  number  of  different  sources,  but  in  their  presenta- 
tion it  is  impossible  to  give  separate  credit  in  each  case.  The  portions 
relating  to  the  topographj'^  and  geology  are  mainl}^  based  on  the 
*'  Report  on  a  Geological  Reconnaissance  of  Cuba,"  made  to  Brig.  Gen. 
Leonard  Wood  by  C.  W.  Hayes,  T.  W.  Vaughan,  and  A.  C.  Spencer, 
published  in  Cuba  in  1901;  those  relating  to  water  supplies  from 
reports  of  Assistant  Engineer  O.  Giberga,  Maj.  H.  F.  Hodges,  and 
Resident  Engineer  H.  F.  Labelle,  published  in  "Civil  Report  of 
Brig.  Gen.  Leonard  Wood,  January  1  to  May  20,  1902,"  volumes  5 
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and  6;  those  relating  to  mineral  water  from  a  report  b^^  Mrs.  H.  C 
Brown  incorporated  in  the  preceding;  those  relating  to  subterranean 
caves  and  streams  from  "  Island  of  Cuba,"  by  Lieut.  A.  S.  Rowan  and 
M.  M.  Ramsey  (Henry  Holt,  New  York,  1896);  and  those  relating  to 
wells  in  part  from  published  reports  of  the  War  Department,  but 
mainly  from  written  memoranda  furnished  directly  by  that  Depart- 
ment to  the  United  States  Geological  Survey. 

V 

GEO(5KAI»HY   AND  TOPOGRAPHY. 

The  island  of  Cuba  is  located  south  of  the  State  of  Florida,  the 
meridian  of  Washington  crossing  it  about  200  miles  from  its  eastern 
end.  The  distance  of  the  nearest  point  of  Cuba  from  Key  West  is  86 
miles.  The  length  of  the  island  is  730  miles,  the  breadth  from  20  to 
90  miles,  and  the  area  about  43,000  square  miles. 

In  general  terms  the  island  may  be  said  to  possess  a  central  high- 
land belt,  reaching  from  Cabo  de  Maysi  on  the  east,  first  northwest- 
ward and  then  southwestward  to  Calx)  de  San  Antonio  on  the  west, 
attaining  an  elevation  of  2,500  feet  and  becoming  somewhat  moun- 
tainous in  places,  but  elsewhere  dropping  nearly  to  sea  level. 

The  surface  may  be  divided  into  five  topographic  provinces,  three 
of  which  are  essentially  mountainous  while  the  other  two  are  of  low  or 
moderate  relief.  The  easternmost  of  these  topographic  divisions  coin- 
cides approximately  with  the  Province  of  Santiago.  In  this  province, 
taken  as  a  whole,  there  are  two  principal  mountain  groups.  The 
southern  is  an  east-west  ridge,  known  as  the  Sierra  Maestra,  extend- 
ing from  Cape  Cruz  to  the  vicinity  of  Puerto  de  Guantanamo,  and 
from  there  continued  by  a  geologically  distinct  ridge  of  the  same 
trend  to  ('ape  Maysi.  The  loftiest  mountains  of  Cuba,  some  of  which 
are  higher  than  any  peaks  in  the  eastern  United  States,  occur  in  this 
I'ange.  The  northern  range  merges  with  the  southern  near  the  east 
ern  end  of  the  province,  but  diverges  westward,  the  intervening  area 
constituting  the  undulating  plain  of  the  well-known  Cauto  Valley, 
which  westward  merges  with  the  more  extended  plains  of  Puerto 
Principe.  The  second  topographic  division  corresponds  closely  with 
the  Province  of  Puerto  Principe,  and  is  made  up  of  plains  or  rolling 
open  country  broken  by  occasional  hills  or  low  mountains  rising  above 
the  general  level.  The  third  division  includes  the  mountainous  por- 
tions of  the  Province  of  Santa  Clara.  The  island  is  here  crossed  b\'  a 
mountainous  belt  made  up  of  a  number  of  subordinate  groups,  the 
highest  point  of  which  is  2,900  feet  in  altitude.  The  fourth  topo- 
graphic district  comprises  the  western  portion  of  Santa  Clara  Prov- 
ince, all  of  Matanzas  and  Habana  provinces,  and  the  eastern  portion 
of  Pinar  del  Rio.  This  region,  like  that  of  Puerto  Principe,  is  made 
up  of  low,  flat,  or  rolling  plains,  broken  by  occasional  hills  several 
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hundred  feet  in  height.  The  fifth  division  comprises  the  greater  por- 
tion of  Pinar  del  Kio,  and  is  characterized  by  a  prominent  range  of 
mountains  reaching  to  a  height  of  2,000  feet.  Tiie  coast  is  bordered 
at  many  points,  especially  on  the  south  side  of  the  island,  by  marshy 
belts,  while  the  shore  is  often  fringed  with  reefs  and  keys. 

GEOLOGY. 

The  structure  of  the  island  in  a  broad  way  is  anticlinal.  The  geo- 
logic axis,  which  coincides  roughly  with  the  topographic  axis,  is 
marked  by  masses  of  serpentine,  granite,  and  folded  and  metamorphic 
slates  and  schists,  on  the  flanks  of  which,  dipping  gradually  away, 
lie  the  later  sedimentary  formations.  The  dip  is  strongest  to  the 
north.  Of  the  later  sedimentary  beds  the  oldest  appears  to  be  a  semi- 
crystalline  blue  limestone,  which  may  be  as  old  as  the  Paleozoic.  It 
is,  however,  only  locally  developed,  the  first  persistent  beds  being  the 
hard  gray  limestones  of  the  Cretaceous.  These  are  overlain  by  £k>cene 
limestones  and  glauconitic  sands,  sometimes  interbedded  with  volcanic 
rocks,  and  by  a  great  thickness  of  limestone,  marls,  etc. ,  of  Oligocene 
age.  During  the  accumulation  of  these  rocks  the  land  was  deeply  sub- 
merged, at  times  possibly  completely,  except  for  occasional  peaks  in 
southern  Santiago  Province.  In  Miocene  times  the  land  was  uplifted 
above  sea  level,  where  it  has  remained,  except  for  a  possible  subsidence 
of  KH)  feet  in  Pliocene  times  and  a  number  of  minor  oscillations  in 
Quaternary  times,  during  which  the  Quaternary  shelves  of  elevated 
reef  rocks  were  formed.  The  uplift  was  greatest  along  the  old  axis, 
the  result  being  the  tilting  of  the  beds  on  both  flanks. 

The  limestones,  which  are  the  predominant  rocks  of  the  island,  con- 
stitute nearly  its  entire  surface  except  along  the  axis  of  the  island. 
They  are  in  general  distinctly  stratified,  but  their  internal  structure 
has  been  greatly  changed  by  the  action  of  percolating  waters,  nearly 
all  traces  of  fossils  having  been  destroyed.  Their  present  thickness 
is  from  800  to  1,000  feet.  Since  their  deposition  they  have  been 
removed  by  erosion  from  portions  of  the  higher  lands,  while  in  some 
of  the  less  elevated  lands,  although  they  form  the  surface,  they  are 
frequently  cut  through  by  streams. 

DRAINAGE. 

The  highlands  of  the  island  are  characterized  by  the  presence  of 
abundant  springs  of  considerable  volume.  While  a  considerable  num 
ber  of  these  flow  from  the  metamorphic  and  igneous  rocks,  the  larger 
springs  are  from  the  limestones  which  cover  a  large  part  of  the  island. 
The  waters  are  of  that  extreme  transparency  which  characterizes 
the  limestone  springs  of  the  adjacent  mainland  at  Florida.  It  is  from 
tbefie  springs,  or  in    some   instances   from  underground  streams, 
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that  the  surface  streams  of  the  island  take  their  rise.  The  run-oflf 
by  these  streams  is  very  great,  as  the  high  rainfall  usually  occurs  as 
showers  of  short  duration,  the  water  finding  its  way  quickly'  down  the 
steep  hillsides  into  the  streams.  The  portion  of  the  i-ainfall  sinking 
into  the  ground  passes  into  the  porous  limestone,  through  which  it 
finds  its  way  by  general  seepage  or  by  way  of  caverns  and  other 
underground  channels  back  to  the  streams.  In  some  instances  whole 
streams  disappear  into  the  limestone  only  to  reappear  near  the  margin 
or  beneath  the  sea. 

The  arrangement  of  the  streams  in  Cuba  is  very  simple,  their  courses 
being  nearly  all  norinal  to  the  coast  and  their  lengths,  therefore,  very 
short.  The  divide  between  the  northward  and  the  southward  flowing 
streams  lies  near  the  axis  of  the  island,  being  generally  somewhat 
nearer  the  north  than  the  south  coast.  In  the  eastern  and  western 
provinces  the  divide  corresponds  with  the  mountainous  belts,  but  in 
the  central  province  it  falls  on  a  level  plain  and  is  extremely  indefinite. 
In  the  mountainous  regions  the  valleys,  while  moderately  steep-sided, 
are  fairly  wide,  but  where  they  cut  through  the  tilted  plateau  along 
the  northern  coast  canyon-like  valleys  have  been  formed.  An  excep- 
tion to  the  ordinary  arrangement  of  streams  is  found  in  Santiago 
Province,  where  the  Rio  Cauto,  the  largest  river  of  the  island,  has  a 
trend  nearly  due  west.  The  length  of  this  stream  is  150  miles,  and  it 
is  navigable  for  shallow  craft  for  a  distance  of  60  miles. 

Lakes  are  very  rare  on  the  island,  although  a  number  occur  in  the 
midst  of  the  dense  vegetation  of  the  marshes  near  the  coast.  Many  of 
these  are  hardly  known  to  the  inhabitants  themselves.  A  very  few 
small  lakes  are  also  found  in  the  mountains.  The  most  noted  of  these 
is  Lake  Ariguanabo,  which  lies  20  miles  southwest  of  Habana.  Its 
surface  is  6  square  miles  in  area  and  it  is  drained  by  a  stream  which, 
after  flowing  on  the  surface  a  short  distance,  disappears  into  a  subter- 
ranean passage.  It  is  inhabited  by  fish,  which  are  supposed  to  have 
worked  their  way  upward  to  the  lake  through  this  passage. 

CLIMATE. 

The  climate  of  Cuba  is  tropical  and  insular.  The  year  is  divided 
into  a  rainy  and  a  dry  season,  the  former  extending  from  May  to 
October.  Two-thirds  of  the  total  precipitation,  which  amounts  to 
about  50  inches  at  Habana,  falls  within  this  period.  The  rainfall 
inland  is  considerably  higher.  The  average  temperature  for  August 
is  from  89°  to  91^,  while  in  December,  January,  and  February  it  is 
10°  to  15^  lower.  The  temperature  of  the  north  coast  is  somewhat 
lowered  by  the  persistent  northeast  trades.  The  relative  humidity  is 
very  great,  amounting  to  an  average  of  80  per  cent. 
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WATER  SUPPLY. 
CITY   WATER  SYSTEMS. 


Notwithstanding  the  extremely  numerous  springs  and  streams  of 
pure  water,  few  public  supply  systems  have  been  installed,  and  these 
only  in  the  largest  cities  and  towns.  In  the  smaller  cities  and  villages 
the  supplies  are  obtained  from  a  variety  of  sources.  Shallow  wells 
are  generally  used  where  water  is  obtainable,  regardless  of  the  fact 
that  they  are  almost  invariably  subject  to  contamination.  Cisterns  are 
frequently  used,  but  generally  furnish  insufficient  supplies  to  meet  the 
needs  of  the  people.  To  supply  this  deficiency  water  is  often  peddled 
about  the  streets  in  kegs  and  other  receptacles.  Even  where  pure 
city  supplies  are  at  hand  the  poorer  classes,  in  many  instances,  are  not 
inclined  to  connect  with  the  pipe  systems  because  of  the  expense,  but 
prefer  to  continue  to  purchase  their  supj)lies  from  peddlei's.  In  some 
towns  water  has  been  at  times  so  scarce  that  it  has  commanded  almost 
fabulous  prices. 

Hahana. — ^The  first  water-supply  system  for  the  city  of  Habana  was 
installed  at  the  close  of  the  sixteenth  century,  when  a  dam  was  built 
across  the  Almendares  River  about  a  mile  above  Puentes  Grandes,  and 
the  water  brought  to  the  city  through  an  uncovered  aqueduct  known  as 
the  Zanja  Real,  which  reaches  the  city  at  a  point  near  the  present  reser- 
voir. From  this  point  the  zanja  divides  into  many  branches,  the  water 
ultimately  making  its  way  into  the  bay  and  sea  through  Matadero,  Agua 
Dulce,  and  San  Lazaro  creeks  and  the  city  sewers.  The  water  in  this 
aqueduct  is  now  so  contaminated  as  to  be  unfit  for  drinking  in  the 
built-up  portions  of  the  city,  and  is  at  present  mainly  used  for  irriga- 
tion and  power.  The  water  rates  paid,  however,  are  so  low  that  the 
expense  of  keeping  the  zanja  in  repair  is  greater  than  the  income 
derived  from  it. 

The  second  system  of  water  supply  dates  from  1837,  when  the 
Almendares  River  was  diverted  at  a  point  about  4i  miles  above  the 
city.  The  water  was  conducted  by  a  20-inch  iron  pipe  laid  to  the  city, 
together  with  a  limited  number  of  distributing  pipes,  the  system  being 
known  as  the  aqueduct  of  Fernando  VII.  An  attempt  was  made  at 
filtration,  but  the  methods  proved  defective  and  in  times  of  heavy  rain 
the  supply  was  turbid  from  surface  wash.  The  filters,  however, 
although  of  an  antiquated  type,  were  found  by  the  Americans  to  be  in 
good  condition  and  were  cleaned  and  maintained,  in  order  that  they 
could  be  utilized  to  bring  in  the  Almendares  water  in  case  of  a  break 
in  the  Vento  aqueduct. 

The  supply  from  the  river  proving  insufficient  a  new  system  was 
projected  in  1858.  By  this  plan  a  group  of  400  springs  near  Vento, 
on  the  banks  of  the  Almendares,  about  8  miles  above  the  city,  were 
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enclosed  in  a  masonry  structure  150  feet  in  diameter  at  the  base,  250 
feet  at  the  top,  and  60  feet  deep.  Masonry  dams  were  built  around 
the  top  to  keep  out  the  surface  wash.  The  water  is  carried  under  the 
river  through  an  inverted  siphon  consisting  of  two  heavy  iron  pipes  in 
a  masonry  tunnel,  and  thence  by  gravity  through  an  underground 
masonry  aqueduct  to  the  Palatino  reservoir,  about  4  miles  from  the 
city.  From  the  reservoir  the  city  is  supplied  by  gravity  through  a 
system  of  distributing  mains.  The  construction  of  the  system  met 
with  many  interruptions,  but  the  works  were  finally  completed  about 
1893.  The  supply  is  about  40,000,000  gallons  a  day,  against  1,333,000 
gallons  a  day  of  the  earlier  system. 

In  1886,  during  the  construction  of  the  Vento  aqueduct  and  before 
its  completion  and  the  construction  of  the  reservoirs,  a  branch  main, 
20  inches  in  diameter,  was  run  from  the  Vento  aqueduct  at  a  point 
opposite  the  filter  beds  to  those  beds,  and  the  water  of  Almendares 
River  was  cut  off  from  the  beds  and  the  Vento  water  supplied  to  the 
city  through  the  aqueduct  of  Fernando  VII.  Since  the  completion  of 
the  Vento  system  neither  this  branch  main  nor  that  portion  of  the 
aqueduct  of  Fernando  VII  south  of  Palatino  has  been  used.  They 
have,  however,  been  maintained  in  good  condition,  so  that  in  case  of 
accident  to  the  Vento  system  below  the  branch  main  the  city  could  be 
supplied  with  Vento  water  through  this  branch  and  the  Fernando  VII 
aqueduct. 

Casa  Blanca  and  Regla  were  formerly  dependent  upon  cisterns  or 
local  wells  more  or  less  contaminated,  or  upon  water  supplied  from 
the  Habana  mains,  which  was  carried  across  the  harbor  in  boats  and 
sold  at  the  I'ate  of  2  cents  a  gallon.  In  1899  an  iron  pipe  was  laid 
across  the  harbor  to  a  pumping  station  at  Cabana  Fortress,  from  which 
the  water  is  pumped  to  a  200,000-gallon  tank  on  the  hills,  whence  it 
flows  by  gravity  to  Cabana  Fortress,  the  barracks,  and  the  town  of 
Casa  Blanca.  Regla  is  supplied  by  a  gravity  main  connected  with  the 
Habana  supply.  A  pumping  station  was  installed  in  1898  near  the 
Palatino  reservoirs  for  the  purpose  of  furnishing  supplies  for  the  camps 
at  Quemados,  Marianao,  and  to  Camp  Columbia,  Aldecoa,  Principe, 
and  several  hospitals,  and  other  places.  A  project  was  also  started  to 
supply  the  town  of  Arroyo  Naranjo  from  springs  at  Calabazar.  Plans 
were  also  made  for  supplying  Pirotecnia,  Carmelo,  and  other  localities. 

The  only  large  sections  of  Habana  now  without  Vento  water  are  the 
higher  portions  of  Jesus  del  Monte  and  La  Vibora  and  the  high  sec- 
tions of  Vedado,  all  of  which  will  have  to  be  supplied  by  pumping,  as 
they  are  above  the  limits  of  the  gravity  supply.  Detailed  plans  and 
estimates  were  prepared  and  submitted  for  the  supply  of  the  former 
places,  at  an  estimated  cost  of  $36,500,  but  the  work  was  not  under- 
taken by  the  Americans  on  account  of  the  lack  of  funds.  Studies  w  ere 
made  for  the  supply  of  the  higher  parts  of  Vedado. 
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A  concession  was  granted  to  a  private  company  by  the  Spanish  in 
1894  to  supply  and  sell  Vento  water  to  the  lower  portions  of  Vedado 
and  Carmelo.  Some  work  was  done,  but  the  system  was  found  to  be 
incomplete  and  in  bad  condition,  and  the  concession  was  annulled  by 
order  of  the  governor  of  Habana  in  1899.  This  order  was  revoked, 
however,  in  1900.     The  conditions  are  still  very  unsatisfactory. 

During  the  Spanish  control  cast  and  wrought-iron  pipes,  princi- 
pally the  latter,  were  used  for  house-service  connection,  and,  owing  tc» 
the  rapidity  with  which  the}^  are  destroyed  by  the  salts  and  acids  oi 
the  soil,  breaks  were  frequent.  Many  of  the  distributary  pipes  were 
also  old  and  the  connections  were  frequently  faulty  and  complicated. 
Many  of  the  valves  of  the  old  system  were  f oimd  to  be  almost  entirely 
destroyed.  A  large  amount  of  repairs,  including  the  replacement  o^ 
much  pipe,  the  installation  of  many  new  valves,  and  the  inspection  of 
iOO  fire  hydrants  and  installation  of  100  new  ones  were  made  by  the 
Americans. 

In  certain  parts  of  the  city  leakage  was  very  great  and  an  investiga- 
tion was  made  by  the  Americans,  with  the  result  that  the  daily  con- 
sumption was  decreased  from  35,419,342  to  28,760,800  gallons,  or  from 
144  to  117  gallons  per  capita.  The  consumption  is  still  high,  espe- 
cially for  the  hours  between  1  and  2  a.  m.,  when  the  legitimate  con 
sumption  should  be  very  small.  Probably  much  of  this  loss  is  due  tc» 
leaks  that  can  not  be  readily  located  because  of  the  porosity  of  tho 
soil,  which  favors  rapid  absorption  of  the  leakage. 

The  regulations  governing  the  water  supply  of  the  city  do  not  admit; 
of  proper  control  and  regulation  of  the  service.  In  1902  the  installa 
tion  of  water  was  made  compulsory  in  those  portions  of  the  city  that 
are  supplied  with  mains  and  the  installation  of  meters  was  required  in 
manufacturing  establishments  or  other  institutions  using  large  quan- 
tities of  water.  This  order  greatly  increased  the  revenues  and  secured 
a  more  just  distribution  of  charges. 

During  the  American  occupation  it  was  observed  that  for  a  day  oi 
two  after  a  freshet  a  quantity  of  turbid  water  entered  the  main  spring 
or  "  taza"  at  Vento.  It  was  at  first  thought  that  this  was  caused  by.  the 
river  water  entering  the  spring  through  the  valves  regulating  the  over- 
flow, which  were  not  designed  to  resist  pressure  from  the  outside,  but 
experiments  made  later  showed  that  the  trouble  was  due  not  only  tci 
this  leakage,  but  chiefly  to  underground  connections  between  the  outei 
springs  and  the  main  springs.  When  the  river  rises  beyond  the  level 
of  the  main  spring,  the  head  thus  formed  forces  the  water  through 
these  connections  into  the  spring.  Apparently  the  only  way  to  pre- 
vent this  is  to  build  a  tight  wall  around  the  outer  springs  and  carry  it 
above  the  highest  flood  level,  or  else  to  tightly  cover  these  springs  and 
provide  automatic  waste  valves  which  will  close  when  the  river  rises 
to  the  danger  point. 
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During  the  period  of  the  American  occupation  the  Vento  aqueduct 
and  the  Palatino  reservoirs  were  maintained  in  good  condition,  the 
reservoirs  being  thoroughly  cleaned  at  least  once  a  month.  These  are, 
however,  insufficient  in  size,  holding  less  than  half  a  day's  supply,  and 
should  be  enlarged.  The  aqueduct  is  large  enough  for  present  needs, 
but  a  new  one  is  desirable  to  provide  for  the  possibility  of  accident  to 
the  present  one.  The  supply  from  the  springs  is  ample  for  present 
and  future  needs,  and  the  water  is  excellent  in  quality,  being  almost 
pure  organically,  but  hard  from  limestone  in  solution. 

Matanzas, — The  city  of  Matanzas  has  had  an  abundant  supply  of 
excellent  water  since  1872.  The  source  is  Bello  Springs,  from  7  to  10 
miles  from  town.  As  in  other  Cuban  cities,  many  have  failed  to  take 
advantage  of  the  public  supply  but  continue  to  obtain  their  supply  by 
purchase  or  from  shallow  wells  and  springs. 

During  the  American  occupation  the  problem  of  supplying  the  jail 
was  investigated.  The  water  is  now  obtained  from  a  cistern  and 
pumped  into  an  elevated  23,000-gallon  tank,  from  which  it  is  distrib- 
uted to  the  jail  for  use  in  baths  and  closets.  Since  installing  the  tank 
the  average  daily  consumption  from  the  water  company's  mains  has 
been  reduced  from  between  5,000  and  10,000  gallons  to  about  500  gal- 
lons, the  average  charges  at  the  same  time  falling  from  $95  to  $3.85, 
the  latter  sum  being  paid  for  water  still  obtained  from  the  company 
for  drinking  and  cooking  purposes.  The  total  cost  of  the  installation 
was  $357. 

Cdrdenm, — Cardenas  has  been  supplied  since  1872  with  pure  water 
from  a  subterranean  river  about  a  mile  distant.  Brackish  wells  and 
cisterns  are  still  depended .  upon  by  some  of  the  people,  while  others 
have  until  recently  purchased  their  water  from  street  peddlers. 

CienfxiegoH, — Until  a  few3^ears  ago  this  city  was  supplied  by  cisterns 
or  by  peddlers,  but  waterworks  were  being  introduced  at  the  time  of 
the  American  occupation. 

Ouantanamo, — This  town  was  formerly  supplied  by  an  underground 
stream  flowing  from  a  cave,  but  work  on  a  new  supply  was  begun  in 
1899  by  the  Americans,  who  built  a  dam  across  Guaso  River,  9  miles 
from  Guantanamo.  This  dam  was  completed  in  1901  and  yields  a  sup- 
ply of  955,152  gallons  of  excellent  water  daily,  or  120  gallons  per 
capita.  The  total  cost  was  $210,160.32.  The  work  was  turned  over 
to  the  municipality  in  February,  1902. 

Puerto  Principe, — The  water  supply  of  Puerto  Principe  is  derived 
chiefly  from  artesian  wells,  five  of  which  were  drilled  during  the  Amer- 
ican occupation.  Of  these,  two  are  in  the  northern  part  of  the  city, 
one  in  the  western,  one  in  the  central,  and  one  in  the  southern.  The 
two  wells  in  the  northern  part  of  the  city  are  each  486  feet  deep,  situ- 
ated side  by  side,  and  supply  about  25,000  gallons  of  water  daily  to 
the  public  buildings  and  to  the  public  who  call  for  it.     At  this  place 
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the  water  is  pumped  by  steam,  the  pumps  being  run  day  and  night. 
At  the  other  wells — one  near  Carmen  Hospital,  where  a  good  and 
abundant  supply  was  obtained  at  a  depth  of  188  feet;  one  in  the  market 
place,  207  feet  deep,  and  one  at  the  Matadero,  154  feet  deep — 60-foot 
tower  windmills,  with  10,000-gallon  tanks,  have  been  erected.  The 
tanks  are  placed  30  feet  above  the  ground. 

Santiago. — Santiago  has  long  been  supplied  with  water  from  Boni- 
ato  River,  a  neighboring  stream,  the  water  being  conducted  to  the  city 
by  an  aqueduct.  This  was  cut  by  the  American  army  during  the  siege 
of  the  city,  but  was  repaired  during  the  American  occupation.  Prior 
to  this  time  the  supply  was  only  about  9  gallons  per  capita  from  June 
to  February,  while  in  March,  April,  and  May  the  stream  was  so  low 
that  only  2.5  to  5  gallons  were  obtainable.  After  certain  improve- 
ments had  been  made,  measurements  showed  the  supply  capable  of 
yielding  800,000  gallons  daily,  or  18.6  gallons  per  capita,  but  the  sup- 
ply was  decreased  162,000  gallons  daily  by  the  necessity  of  cutting  a 
part  oflf  from  the  lower  part  of  the  city  in  order  to  secure  suflScient 
head  to  supply  certain  of  the  higher  portions.  An  additional  supply 
of  30,000  gallons  was  obtained  by  cleaning  and  repairing  the  old  reser- 
voir built  in  1860  and  connecting  it  with  the  city  mains.  The  north- 
ern part  of  the  city  was  supplied  from  the  reservoir,  while  the  southern 
part  was  supplied  by  the  direct  mains.  Pumps  were  also  installed  to 
increase  the  supply  in  dry  seasons. 

As  approximately  3,000  people  live  on  the  stream  within  a  mile  of 
the  intake  the  water  was  badly  polluted  and  there  was  constant  danger 
of  epidemics.  This,  taken  in  connection  with  the  deficiency  of  supply, 
made  it  imperative  to  look  for  a  new  source.  Detailed  investigations 
were  accordingly  made  by  the  Americans,  the  country  for  30  miles 
around  the  city  being  examined  with  a  view  to  procuring  a  new  sup- 
ply. The  sources  considered  were  (1)  a  gravity  supply  from  Baco- 
nao  River;  (2)  a  gravity  supply  from  Cauto  River,  and  (3)  a  pump 
supply  from  wells  in  the  San  Juan  Valley. 

In  the  proposed  Baconao  system  the  water  would  be  taken  from  a 
point  about  21  miles  above  the  mouth  of  the  river,  from  which  it  would 
be  conducted  19  miles  to  Daiquiri  and  18.5  miles  farther  to  Santiago. 
Nearly  the  whole  of  the  line  is  of  easy  access,  and  the  location  would 
require  very  little  costly  road  making.  The  estimated  total  cost  was 
$2,844,812  and  the  annual  cost  of  operation  $169,000. 

A  supply  from  Cauto  River  could  be  brought  in  by  pumping  through 
the  Maniel  or  Rio  Frio  Pass  from  a  point  about  2i  miles  below  Dos 
Palmas,  a  distance  of  25  miles  from  Santiago.  The  country  is  favor- 
able to  the  construction  of  a  conduit,  and  good  locations  for  dams  and 
power  stations  are  available.  The  estimated  cost  was  $1,451,127,  and 
the  annual  cost  of  operation  $105,000. 
iBR  no— 05 13 
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The  preliminary  surveys  having  shown  that  still  better  results  would 
be  obtained  from  a  well  system  in  the  San  Juan  Valley,  a  detailed, 
investigation  in  that  region,  including  the  drilling  of  test  wells,  was 
undertaken.  The  portion  of  the  valley  under  consideration  lies  just 
south  of  the  Sierra  Maestra,  and  drains  to  the  sea  through  a  gorge  500 
feet  wide  at  La  Laguna.  The  underflow  through  the  river  gravels  is 
very  high  in  some  of  the  branches,  and  the  water  is  of  good  quality,  not- 
withstanding the  river  waters  themselves  are  frequently  much  polluted. 
The  well  sections  show:  (1)  A  surface  layer  of  brown  clay  and  vege- 
table matter  from  about  4  to  16  feet  in  depth;  (2)  a  water-bearing- 
stratum  of  sand,  gravel,  bowlders,  and  broken  coral  rock,  11  to  30  feet 
thick,  with  an  average  of  25  feet;  (3)  blue,  yellow,  or  brown  clay,  5  to 
20  feet  thick;  and  (4)  a  series  of  saads^gnurel,  broken  coral  rock,  clay^ 
etc.  The  coml  bed  rock  has  not  been  reached  except  along  the  bor- 
ders of  the  valley,  where  it  is  near  the  surface.  The  following  record 
niay  be  given  as  typical: 


Record  of  well  cU  Santiago^  Cuba. 


strata. 


Depth 

from 

surface. 


Soil 

Fine  sand 

Gravel 

Coarse  gravel 

Yellow  clay 

Blue  clay 

Fine  sand 

Sandstone 

Coral  rock 

Hard  coral  rock 

Fine  sand 

Yellow  clay 

Sand  and  gravel 

Clay 

Sandstone 

Gravel  and  sand  composition. 

Total 


The  area  of  the  local  underground  reservoir  to  be  drawn  upon  for 
the  supply  is  estimated  as  3^  square  miles,  and  the  probable  yield 
computed  as  from  1,235,000  gallons  a  day  in  dry  seasons  to  perhaps 
2,434,000  gallons  in  wet  seasons.     The  average  rainfall  is  estimated  at 
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about  60  inches,  the  run-off  as  13.5  per  cent,  and  the  total  supply  of 
underground  storage  23,000,000  gallons  a  day.  If  60  per  cent  of  the 
15  feet  of  storage  gravel  is  utilized  the  supply  is  good  for  410  days, 
which,  considering  the  fact  that  the  dry  season  lasts  only  four  or  five 
months,  is  amply  sufficient.  The  water  of  the  lower  gravels  can  also 
be  utilized  in  case  of  any  deficiency  of  the  upper  supply.  Infiltration 
galleries,  gang-tube  wells,  and  large  caisson  wells  were  considered  as 
methods  of  collecting  the  water,  the  latter  being  finally  recommended. 
San  Juan  Hill  was  selected  as  the  best  site  for  the  pumping  plant. 
An  examination  of  the  water  by  G.  C.  Whipple,  of  Brooklyn,  N.  Y., 
showed  slight  organic  matter,  low  free  ammonia  nitrites  and  nitrates, 
and  high  chlorine,  as  well  as  carbonates  and  sulphates — especially  the 
former.  Storage  in  the  dark,  to  prevent  algous  growth,  was  recom- 
mended. The  cost  of  installation  was  estimated  at  $408,650  and  that 
of  operation  as  $92,000  annually.  Both  figures  are  much  lower  than 
either  of  the  other  systems  proposed. 

Manzanillo. — ^This  town  formerly  had  a  water  system  deriving  its 
supply  from  the  river  Yara,  but  it  proved  unhealthful  and  was  aban- 
doned.    Cisterns  now  furnish  the  main  supply. 


Owing  to  the  great  porosity  of  the  limestone  which  forms  the  sur- 
face over  a  large  part  of  Culwi,  and  which  rapidly  absorbs  and  almost 
as  rapidly  discharges  its  waters,  springs  are  very  numerous.  They 
are  of  all  sizes,  from  small  rills  up  to  almost  river-like  streams. 
Some  of  the  springs  seep  from  the  porous  limestone,  but  many  of 
them  issue  from  more  or  less  cavernous  orifices.  They  issue  at  all 
altitudes,  from  the  higher  portions  of  the  hills  down  to  the  lowland 
border,  or  even  at  sea  level.  It  is  probable  that  the  marshy  tracts 
bordering  the  south  coast  at  many  points  are  in  part  due  to  the  emer- 
gence of  the  underground  water  through  the  limestone.  Not  all  of 
the  water  comes  to  the  surface  of  the  land  as  springs,  but  some  passes 
outward  and  emerges  from  the  sea  bottom  along  the  coast,  where  in 
many  instances  the  fresh  water  can  be  seen  bubbling  up  through  the 
salt  water.  Such  springs  occur  in  Habana  Harbor  and  at  many  other 
points.  The  fresh  water  which  emerges  as  copious  springs  on  some 
of  the  keys  is  probably  of  the  same  origin,  coming  from  the  main- 
land through  subterranean  passages  in  the  limestone. 

Most  of  the  spring  waters  of  the  island  are  highly  calcareous,  but 
are  usually  not  otherwise  especially  high  in  mineral  matter.  They 
form  pure  supplies  for  a  number  of  cities,  including  Habana,  Matan- 
zas,  and  Cardenas,  while  at  other  points  not  having  public  supplies,  as 
at  Marianao,  the  water  is  obtained  from  adjacent  springs  and  sold 
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through  the  town.  Although  by  far  the  larger  number  of  springs  are 
of  the  pure  calcareous  t^-pe,  there  are  a  number  of  mineral  springs 
upon  the  island.     These  are  described  under  ''  Mineral  waters,"  below. 

SUBTERRANEAN   STREAMS   AND  CAVES. 

Probably  very  few  regions  in  the  world  so  abound  in  caves  and 
subterranean  passages  as  the  island  of  Cuba.  The  porous  limestone 
permits  a  free  entrance  of  water  which,  by  its  passage,  dissolves  out 
caverns  of  various  shapes  and  sizes.  Although  the  underground  pas- 
sages are  very  numerous  they  are  not  usually  large,  and  the  caves 
generally  lack  the  great  beauty  of  many  of  the  stalactite-hung  caves 
of  the  harder  types  of  limestone. 

Many  streams  disappear  from  the  surface  into  the  limestone.  Of 
such  streams  the  Rio  San  Antonio,  in  the  province  of  Habana,  is  the 
most  noted.  This  stream  issues,  with  a  width  of  several  feet  and  a 
strong  current,  from  Lake  Ariguanabo,  flows  a  short  distance  through 
the  town  of  San  Antonio  de  Los  Banos,  and  then  enters  a  cavern  and 
disappears  from  the  surface.  In  a  similar  manner  the  Rio  Guana- 
jay  flows  on  the  surface  for  about  12  miles  and  then  disappears  into 
the  limestone  near  the  village  of  San  Andres.  The  Rio  Jatibonico  del 
Norte  rises  in  the  Sierra  de  Jatibonico  and  alternatelv  disappears  and 
reappears  in  a  succession  of  cascades.  The  Rio  Mayari,  near  Santiago, 
and  the  short  stream  called  Moa  both  pass  through  caverns  in  their 
courses.  Many  other  streams  throfighout  the  island  pass  at  one  point 
or  another  in  their  course  under  natural  rock  arches. 

Among  the  larger  or  more  noted  of  the  caves  are  those  of  Resol- 
ladero  Guacanaya,  in  Guaniguanico;  Maria  Bel^n,  in  the  Sierra  de 
Anafe;  that  of  Cotilla,  near  San  Jos^  de  las  Lajas,  15  miles  southeast 
of  Habana;  the  magniticent  caves  of  Bellamar  in  Matanzas;  the  caves 
of  San  Jos6  de  los  Remedios;  and  the  caverns  of  Cubitas,  of  Gibara, 
of  Yumurl,  of  Holguin,  and  of  Bayamo;  while  north  of  Guantdnanio 
are  the  noted  Monte  Llbano  caverns. 

The  Bellamar  caverns,  3  miles  distant  from  Matanzas,  are  extensive 
and  possess  a  high  temperature.  The  air  is  supposed  to  have  certain 
curative  properties,  and  the  caves  are  resorted  to  by  invalids.  At 
Baracoa  are  caverns  that  have  an  unusual  development  of  stalactites 
and  contain  animal  remains  of  unknown  date. 

MINERAL   WATERS. 

Cuba  possesses  some  true  mineral  springs,  although  these  are  small 
in  number  compared  with  the  common  springs.  Little  use  is  yet  made 
of  them  for  drinking  purposes,  and  almost  nothing  is  done  in  the  way 
of  shipment.  On  the  other  hand,  however,  they  are  extensively  used 
for  bathing  at  various  watering  places  and  health  resorts.    The  portion 
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of  the  following  notes  relating  to  the  province  of  Pinar  del  Rio  and  to 
a  part  of  Habana  Province  was  compiled  by  Mrs.  H.  C.  Brown  for  the 
report  of  Brigadier-General  Wood. 

Proinnce  of  Pinar  del  Rio, — Of  the  numerous  health  resorts  of  Cuba, 
that  of  San  Diego  de  los  BaSos  enjoys  a  particularly  large  share  of 
popular  favor.  The  town  was  founded  in  1843,  and  before  the  numer- 
ous wars  decimated  the  population  contained  8,007  inhabitants,  but  at 
present  it  counts  little  more  than  a  quarter  of  that  number.  The  left 
bank  of  the  river  which  flows  beside  the  town  bubbles  with  sulphurous 
springs,  some  warm,  others  cold.  The  best  known  of  these  are  called 
Templado,  Tigre,  and  La  Paila.  On  the  authority  of  Dr.  Jos^  Miguel 
Cabarrouy,  medical  director  of  the  baths,  the  following  analysis  of  the 
waters  of  Templado  and  Tigre  is  given: 

Analysis  of  mineral  water  at  San  Diego  de  los  Baflos,  province  of  Pinar  del  Rio^  Cuba. 

Per  cent. 

Hydrogen  sulphide 0. 152 

Carbonic  acid 062 

Salphate  of  lime 974 

Chloride  of  sodium 032 

Bicarbonate  of  magnesia 080 

Alumina 006 

Total 1.306 

The  density  of  these  waters  is  given  as  1.014.  They  contain,  besides 
the  ingredients  noted  above,  undetermined  quantities  of  silicic  acid, 
carbonate  of  iron,  nitrogen,  oxygen,  and  organic  matter.  The  Tem- 
plado produces  860,000  liters  in  twenty-four  hours,  and  the  Tigre 
240,000,  without  any  variation  according  to  seasons.  The  water  is 
colorless,  has  the  disagreeable  odor  of  sulphuretted  hydrogen,  and 
tastes  slightly  sulphurous.     It  has  a  temperature  of  about  34^  C. 

The  spring  called  La  Paila  shows  the  following  analysis: 

Analysis  of  water  from  Mineral  Spring  La  PaiUij  province  of  Pinar  del  RiOy  Cuba, 

Per  cent. 

Sulphate  of  lime 1 .  068 

Chloride  of  sodium '...,     ,  022 

Bicarbonate  of  magnesia - 120 

Carbonic  acid .  084 

Alumina 012 

Total 1.306 

The  waters,  which  have  a  temperature  from  22°  to  25^  C,  show 
traces  of  sulphuretted  hydrogen,  silica,  carbonate  of  iron,  oxygen, 
nitrogen,  and  organic  matter. 

The  waters  of  San  Diego  de  los  Banos  have  proved  to  be  of  special 
value  in  cases  of  skin  disease,  rheumatism,  and  nervous  affection.  The 
place  has  a  wide  patronage  and  makes  pretensions  as  a  popular  resort. 

Digitized  by  V^OOQ IC 


196  HYDBOLOOr   OF    EASTERN    UNITED   8TATE8,  1904.       [xo.  110. 

Springs  of  mineral  water  are  also  reported  from  the  municipal  dis- 
trict of  Mariel.  In  the  district  of  San  Ci*ist6bal  'are  springs  called 
Soroa. 

Province  of  Habana. — ^The  most  prominent  springs  of  Habana  Prov- 
ince are  found  at  Guanabacoa,  Madruga,  and  Santa  Maria  del  Rosario. 

The  principal  use  of  the  mineral  water  at  Guanabacoa  is  made  by  the 
Santa  Rita  baths,  which  are  constructed  of  stone  and  are  popular  with 
many  of  the  residents  of  Habana. 

Madru^  has  warm  and  sulphur  baths,  supposed  to  possess  curative 
properties  in  cases  of  skin  disease,  and  also  springs  of  mineral  water 
that  is  reported  to  be  excellent  for  stomach  troubles.  The  town  is  a 
popular  watering  place,  having  several  hotels  which  are  extensively 
patronized  from  March  to  October. 

The  baths  of  Santa  Maria  del  Rosario  are  famous  for  their  medicinal 
qualities.  The  principal  springs  that  supply  the  baths  are  three  in 
number.  The  waters  of  the  first,  which  is  called  Mina,  Templado,  or 
Palmita,  issues  from  an  orifice  in  the  rock  3.80  meters  below  the  sur- 
face. The  water  from  this  spring  is  clear  and  colorless,  has  the  odor 
of  sulphuretted  hydrogen,  and  is  disagreeable  to  the  taste.  It  is  cold, 
reaching  a  temperature  of  only  22^  C.  Its  reaction  is  alkaline.  The 
water  of  the  second  spring,  called  Tigre,  comes  from  a  well  6.04  metei^s 
deep.  Although  clear  and  transparent,  it  has  a  light  yellow  color,  an 
odor  more  pronounced  than  that  of  La  Mina,  and  a  stronger  taste  than 
the  first.  Its  temperature  is  21.6^  C,  and  its  reaction  is  f  reelj^  alkaline. 
The  spring  called  La  Paila  is  only  a  meter  deep.  The  water  is  clear  and 
colorless  and  has  an  odor  and  a  taste  more  pronounced  than  the  water 
of  the  other  two  springs.  It  is  colder,  having  a  temperature  of  19.50*^ 
C.  Analysis  of  the  waters  shows  appreciable  amounts  of  sulphur  and 
hydrogen  sulphide. 

hie  of  PI  ties. — ^There  are  many  natural  springs  all  over  the  Isle  of 
Pines,  and  those  of  Santa  F^i  have  an  established  reputation  for  their 
curative  properties,  both  in  f^uba  and  abroad.  The  waters  are  said  to 
be  particularly  rich  in  irou  and  magnesia,  and  contain  also  oxygen  and 
carbonic-acid  gases,  chloride  of  sodium,  sulphate  of  lime,  carbonate  of 
lime,  chloride  and  nitrate  of  calcium,  and  silica.  The  temperature  of 
the  waters  is  generally  about  82^  F.  Some  of  the  larger  springs  flow 
a  stream  of  water  the  Pize  of  a  man's  body. 

WELI-8   ftCNK   BY   THE   WAR   DEPARTMENT   IN   CUBA.« 

Cienfiiegos, — A  w^ell  was  sunk  by  the  army  authorities  at  this  point 
to  a  depth  of  111  feet.  A  good  flow  of  water  was  obtained.  The  fol- 
lowing is  a  record  of  the  materials  penetrated: 

Clay  and  feand 1-  86 

Blue  day  - 87-101 

rthMf*  drfv  and  gravel 102-111 


a  Compiled  from  reports  and  memoranda  of  the  War  Department. 
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Gibara. — Two  wells  were  drilled  at  this  point  by  the  Bacon  Air  Lift 
Company,  at  a  cost  of  $2,500.  The  first  well  was  started  August  8, 
1900,  but  was  abandoned  at  a  depth  of  212  feet,  because  of  the  telescop- 
ing of  the  pipe.  A  new  well  was  then  started.  This  obtained  water 
at  75  feet  and  again  at  90  feet,  but  the  flow  was  small.  At  560  feet  a 
strong  flow  of  salt  water  was  obtained  and  the  well  was  then  aban- 
doned. The  diameter  of  the  casing  was  8  inches  at  the  top  and  6  inches 
at  the  bottom.  The  failure  of  this  well  was  seriously  felt,  as  the  cis- 
tern supply  on  which  the  town  depended  was  very  insuflScient.  Sev- 
eral other  wells  were  drilled  to  a  depth  of  about  600  feet  with  like 
results. 

Giianajay. — A  well  was  here  sunk  to  a  depth  of  40  feet,  which 
resulted  in  a  failure. 

Ilolguin. — Most  of  the  supplies  at  this  place  are  from  surface  wells 
and  are  satisfactory  in  amount  except  at  times  of  drought.  The  water 
is  derived  from  disintegrated  granite  and  is  somewhat  liable  to  surface 
contamination.  It  is  hard  and  contains  considerable  mineral  matter. 
During  the  American  occupation  the  public  wells  were  deepened  and 
cleaned,  and  windmills  were  erected.  An  artesian  well  was  begun  on 
November  20,  1900.  A  strong  flow  of  excellent  water  is  reported  to 
have  been  obtained  at  61  feet,  but  was  cased  oflf  with  the  hope  of  find- 
ing more  abundant  water  at  a  deeper  level.  Hard  water  was  encoun- 
tered, however,  and  the  bit  broke  at  160  feet,  at  which  depth  the  well 
ceased.  A  later  well  went  to  a  depth  of  400  feet,  a  small  amount  of 
water  being  found  at  a  depth  of  125  feet,  but  none  below.  A  steam 
pump  and  tank  were  put  in,  and  the  well  gave  a  supply  sufficient  for 
the  barracks,  but  not  for  the  town. 

M<Uamas, — Wells  were  drilled  by  the  Government  to  depths  of 
from  330  to  400  feet,  but  resulted  in  failure. 

Pa9a  Cabdlos. — ^The  wells  sunk  by  the  War  Department  at  this 
point  were  78  feet  deep  and  gave  60,000  gallons  during  a  ten-hour 
pumping  test. 

Pinar  dd  Rio. — A  well  begun  by  the  War  Department  on  April  5, 
1899,  was  drilled  to  a  depth  of  285  feet,  but  resulted  in  a  partial  fail- 
ure, the  water  being  very  hard  and  carrying  some  sulphur.  The  for- 
mation from  a  few  feet  of  the  surface  to  the  bottom  of  the  well  is 
stated  to  consist  of  alternate  layers  of  soft  and  hard  rock,  parts  of 
which  approach  clay  in  character.  Water  in  small  quantities  was 
found  at  35,  80,  and  145  feet,  and  in  smaller  amounts  between  200  and 
285  feet  There  are  158  feet  of  6-inch  casing  in  the  well.  The  water 
rises  within  95  feet  of  the  surface.  The  well  will  not  furnish  more 
than  one  gallon  a  minute  and  is  regarded  as  a  failure,  as  the  well  is 
pumped  down  to  150  feet  in  a  half-hour  with  an  ordinary  hand  pump. 
The  water  rises  to  its  former  level  in  about  thirty  minutes.  It  cost 
about  $1,800. 
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Puerto  Principe. — A  number  of  wells  were  drilled  by  the  War 
Department  at  this  point.  The  first  one  of  importance  appears  to  have 
been  started  on  May  1,  1899.  It  is  located  on  the  gi'ounds  on  which 
the  cavalry  barracks  were  situated  in  the  city  of  Puerto  Principe, 
and  its  mouth  has  an  elevation  of  337  feet  above  sea  level.  The 
ground  in  its  vicinity  is  practically  level.  During  the  first  30  feet 
the  well  passed  through  decomposed  granite,  but  from  30  feet  to 
the  bottom  it  was  drilled  through  hard  crystalline  rock  of  various 
colors  and  hardness.  The  first  water  of  consequence  was  struck  at 
95  feet,  and  rose  to  within  30  feet  of  the  surface.  The  boring  was 
continued,  however,  to  a  depth  of  264  feet  without  obtaining  any 
decided  increase  in  the  amount  of  water.  At  this  point  the  drill  was 
once  more  withdrawn  and  a  pumping  test  made  lasting  two  days. 
Five  hundred  gallons  were  pumped  hourly  without  lowering  the 
working  head  of  the  water  more  than  a  few  feet.  It  was,  however, 
decided  to  push  the  well  to  a  greater  depth.  A  month  later,  when  the 
well  had  reached  a  depth  of  457  feet,  the  drill  was  again  withdrawn, 
and  the  well  was  tested  by  a  2-inch  pump  attached  to  the  walking  beam 
of  the  well  rig  and  making  30  strokes  to  the  minute.  It  extended  150 
feet  down  the  well,  and  during  the  two  days  an  average  of  502  gallons 
of  water  an  hour  was  raised.  At  the  beginning  of  the  pumping  the 
water  stood  30  feet  from  the  surface,  but  fell  rapidly  during  the  first 
hour,  at  the  end  of  which  it  stood  at  a  depth  of  43  feet  from  the  sur- 
face. During  the  continuance  of  the  pumping,  however,  doubtless  by 
reason  of  the  removal  of  silt  from  the  pores  of  the  adjacent  rock,  the 
water  slowly  rose  until,  at  the  end  of  the  fifth  hour,  it  had  reached  a 
level  of  41  feet  from  the  surface.  On  standing  over  night  the  water 
returned  to  its  original  level  of  30  feet,  but  during  the  first  bourn's 
pumping  again  fell  to  a  level  of  41  feet  below  the  surface.  On  August 
30  the  drills  were  replaced  and  the  well  was  pushed  to  a  depth  of  474 
feet.  Previous  to  the  sinking  of  the  well,  the  supply  of  the  barracks 
had  been  obtained  by  hauling  water,  all  of  which  had  to  be  boiled, 
from  a  creek  3  miles  away.  The  test  of  the  well  proved  that  it  would 
supply  more  than  500  gallons  an  hour  without  lowering  the  water 
more  than  11  feet  from  its  normal  level,  and  it  was  estimated  that  from 
2,000  to  3,000  gallons  an  hour  could  be  obtained  without  lowering  the 
level  more  than  30  feet.  The  water  is  clear,  without  sediment,  and  is 
sparkling  and  palatable.  An  analysis  of  water  made  at  the  Military 
Hospital  No.  1  at  Habana  is  given  below: 

Arialysis  of  water  from  Puerto  Principe. 


Odor,  none;  taste,  faint  saline;  color,  no  color,  very  clear;  some  matter  in  suspen- 
sion composed  mainly  of  precipitated  salts. 

1,000,(3 

Free  ammonia None. 

Albuminoid  ammonia None. 

Chlorine,  0.2 2 


Parts  per 
0,000. 
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Parts  per 
1,000,000. 

Solpharic  add  as  snlphates ^ .  35 

Solphareted  hydrogen None. 

Total  solids 306 

Phosphoric  acid Trace. 

Silicic  acid  (silicates) 22 

Iron,  none;  other  metals  not  tested. 

Calcium 69 

Magnesium,  pyrophosphates 106 

Potassium  and  sodium,  somewhat  in  excess. 

This  water  is  free  from  harmful  materials  and  is  suitable  for  all 
domestic  purposes. 

The  water  was  piped  to  the  barracks  and  furnished  a  satisfactory- 
supply.  In  addition  a  considerable  amount  was  shipped  to  Nuevitas 
b3'  rail. 

A  second  well  was  begun  October  10  and  completed  December  15, 
1900.  Its  diameter  was  8  inches,  and  it  was  drilled  to  a  depth  of  202 
feet  The  supply  proved  ample,  and  is  used  in  the  public  buildings  of 
the  vicinity.  The  water  stands  135  feet  below  the  surface.  Good 
water  was  found  above  200  feet,  but  the  deeper  waters  are  reported  to 
be  brackish.  Another  well  was  begun  in  the  market  place  December 
15,  1900.     Still  others  have  been  described  under  water  supplies. 

A  well  on  a  proposed  site  for  a  military  post,  presumably  near 
Puerto  Principe,  is  given  in  the  reports  of  the  War  Department.  It 
was  8  inches  in  diameter  and  510  feet  deep,  the  water  rising  to  within 
8  to  12  feet  of  the  surface.  The  supply  is  reported  to  be  of  excellent 
quality. 

Santiago. — ^The  army  officials  report  that  there  is  good  reason  to 
believe  that  an  abundant  supply  of  water  can  be  obtained  from  artesian 
wells  along  the  south  coast  of  Cuba  at  this  point.  An  examination  of 
the  San  Juan  Valley  shows  a  gathering  ground  with  slight  run-oflf,  the 
remainder  reaching  the  sea  by  subterranean  drainage.  It  has  been 
proposed  to  intercept  this  by  tunnels.  Some  of  the  shallow  wells 
obtain  large  flows,  but  unless  carefully  located  are  liable  to  become 
contaminated  by  seepage  from  the  surface.  One  well,  14  feet  in 
depth,  is  reported  to  have  so  large  a  flow  that  it  could  not  be  kept 
down  by  a  pump  of  500  gallons  capacity. 

Triscoriiia, — An  8-inch  well  sunk  at  this  point  to  a  depth  of  401  feet 
obtained  only  a  limited  supply  of  water  more  or  less  impregnated 
with  salt  and  unfit  for  general  use. 
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Adams,  George  I.,  paper  by,  on  water  sup- 
ply of  Oiarlc  region,  Ark 179-182 

summary  of  paper  by 16 

Allamuchy  pond,  N.  J.,  data  concerning. . .     144 

Altoona,  Pa.,  water  supply  of 161 

Ammeter,  recording,  charts  made  by 80 

views  of 28 

See  also  Meter,  self-recording. 
Analyses,  chemical: 

mineral  springs  in  Cuba 195 

water  from  niston  well,  near  Ithaca, 

N.Y 69 

water  from  deep  well  at  Turners  Falls, 

Mass 80 

water  from  Lebanon  (Mo. )  well 124 

water  from  Puerto  Principe,  Cuba  ...  196-199 
water  of  Sand  springs  (Tao6nic  quad- 
rangle)       182 

water  of  Schooley  Mountain   spring, 

N.J 148 

water  of  springs  near  Cresson.  Pa 160-161 

well  waters  from  Triassic  rocks  of  Con- 
necticut   106-107 

Analyses,  gas:  water  of  Sand  springs  (Taco- 

nic  quadrangle) 188 

Analyses,  sanitary:  water  from  Puerto  Prin- 
cipe, Cuba 198 

water  of  Fall  Creek,  N.  Y 135 

water  of  Sand  springs  (Taconic  quad- 
rangle)      133 

water  of  Sixmile  Creek,  at  I  thaca,  N.  Y .     186 

water  of  wells  at  Ithaca.  N.  Y 137-138 

Anterior  shales  and  trap  sheet,  correlation 

of 70 

Anterior  trap  sheet,  character  and  occur- 

renceof 71 

Arkanaas,  northern,  horixons  of  springs  in, 

diagram  showing 182 

Oiark  region  of,  water  supply  of 179-182 

Armstrong  springs,  location  of 121 

Artesian  conditions,  diagrams  showing..  108,109 

near  Ithaca,  N.Y 139 

Artesian  flow,  essential  conditions  of 106-109 

essential  conditions  of,  ideal  sections 

showing 106-109 

Artesian  water,  possibilities  of,  in  Accident 

and  QrantsYille  quadrangles.  169-170 
Artesian  wells,  tables  for  determining  flow 

from 39-40,41 

near  Decatunrille,  Mo.,  description  of.  122-128 

near  Ithaca,  N.  Y.,  description  of 68-64 

See  al»o  Wells,  artesian. 
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summary  of  paper  by 15-16 

Atchley,  Truman,  cited  on  Bennett  spring. 

Mo 118 

Avonmere,  Pa.,  population  and  water  sup- 
ply of 166 

B. 

Bamesboro.  Pa. ,  water  supply  of 162-168 

Bamesboro  quadrangle,   water  resources 

of 169-163 

Bear  ponds,  N.  J.,  data  concerning 144 

Bellamar  caverns,  Cuba,  temperature  of  air 

in 194 

Bennett  spring.  Mo.,  cross  section  of 118 

description  of U7-119 

Bellmore  road,  L.  I.,  curves  obtained  in 

underflow  measurements  on  . . .       28 

Berlin,  Conn.,  welldataat 89 

Berlin  Junction,  Conn.,  well  data  at 89 

Bemardsville,  N.  J.,  water  supply  of,  source 

of 161 

Big  Blue  spring.  Mo.    See  Sweet  spring. 

Black  rock  diabase,  character  and  occur- 

renceof 71 

Blacklegs  Creek,  Pa.,  course  and  character 

of 164 

Bloomfield,   Conn.,  ^well  at,   analjrses  of 

water  from 106-107 

well  at,  data  concerning 81 

Blue  Ridge,  in  North  Carolina,  drainage 

features  of 174-176 

Blue  spring,  Ga.,  near  Quitman,  descrip- 
tion of 50 

results  of  experiment  at 52 

Blue  spring.  Mo.,  description  of 119 

Boone  limestone,  shale  bed  at  base  of,  ef- 
fect of,  on  circulation  of  ground 

water 181 

springs  related  to  shale  bed  at  base  of. .      181 

Boone  limestone  and  chert,  springs  related 

to,  in  northern  Arkansas 181 

Boonton,  N.  J.,  water  power  at 149 

water  supply  of,  source  and  quality  of .     161 

Boston.  Ga.,  well  at,  description  of 60 

well  at,  results  of  experiment  at 52 

Boston  escarpment,  position  of,  in  north- 
em  Arkansas 179-180 

springs  related  to  limestones  in 180 

Boston  Mountains,  Ark.,  geologic  forma- 
tions in 180-181 

Braddock  Run,  contamination  of  water  of.      172 

Brandon,  Vt.,  frozen  well  near 127 

Breesport,  N.  Y.,  deep  wells  near 186 

Brentwood  limestone,  effect  of,  on  topogra- 
phy of  northern  Arkansas 181 
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Brightwood,  Mass.,  wells  at,  description  of.       77 
Brown,  Mrs.  H.  C,  aeknowledgmente  to . . .      184 
Bryce  spring,  Mo.    Ste  Bennett  spring. 
Buckley,  E.  R.,  on  the  St.  Elizabeth  fonna- 

tlon 125 

Budd  Lake,  N.  J.,  data  concerning 144 

Burlington  escarpment,  height  of,  in  north- 
em  Arkansas 180 

Bumside,  Conn.,  well  data  at 86-87 

C. 

California  or  ** stovepipe"  method  of  well 

construction,  description  of 82-36 

See  also  "  Stovepipe." 
Camden  County,  Mo.,  spring  system  of  De- 

caturvllle  dome  in llS-125 

Camp  Ground  spring,  description  of 121 

Carboniferous  sandstones,  water  supply  fur- 
nished  by,  in   Frostburg  and 

Flintstone  quadrangles 178 

Cardenas,  Cuba,  water  supply  of 190 

Carrolltown,  Pa.,  water  supply  of 162 

Castleman  River,  course  and  character  of .     169 

Caves  in  Cuba,  description  of 194 

Cayuga  Lake,  tributaries  of,  grades  of . . .  134-135 

Celt  springs.  Mo.,  location  of 119 

Chamberlin,  T.  C,  on  essential  conditions 

of  artesian  flow 108 

Chambersburg,  Pa.,  water  supply  of 167 

Chambersburg  quadrangle.  Pa.,    location 

and  drainage  of 156 

water  supply  of 156-157 

Chamot,  E.  M.,  acknowledgment  to «..      136 

analyses  (sanitary)  by 136, 136 

on  artesian  water  at  Ithaca,  N.  Y 56 

Chauncey,  Mo.,  well  data  at 128 

Chemical  analyses.    See  Analyses,  chem- 
ical. 
Cherry  Run,  Pa.,  water  power  furnished  by     166 

Chest  Creek,  Pa.,  length  of 159 

Chert  beds,  near  Decaturville,  Mo.,  charac- 
ter and  origin  of 124-125 

Chlcopee  Falls,  Mass.,  well  at,  description 

of 77 

Chicopee  shale,    character  and  distribu- 
tion   71,98-99 

character  of  waterin 99 

depth  of  wells  in 99 

equivalents  of,  in  Connecticut 70 

water  supply  of 99 

Clenfuegos,  Cuba,  water  supply  of 190 

well  at,  record  of 196 

Circulation  of  underground   waters.    See 

Underflow. 
Clapp,  Frederick  G.,  paper  by,  on  water 
resources  of  Curwensville,  Pat- 
ton,  Ebensburg,  and  Barnesboro 

quadrangles,  Pa 159-163 

summary  of  paper  by 14 

Clearfield  Creek,  Pa. ,  features  of 159 

Climate  of  New  Jersey  highlands,  data  con- 
cerning       142 

Climate  of  Cuba,  data  concerning 186 

Clinton,  N.  J.,  water  supply  of.  source  of...      151 

Clocks,  commutator,  description  of 30-31 

views  of 20, 28 
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Quitman,  Ga 47 

Commutator  clocks,  description  of 80-31 

views  of 20,28 

Connecticut,  springs  in,  analjrses  of  water 

from 106-107 

wells  in  Triassic  area  of,  analyses  of 

waters  from 106-107 

descriptionaof 80-92,93-W 

Connecticut  Valley,  drilled  wells  of  Trias- 

.nicareaof 65-94 

glacial  and  recent  deposits  in 74 

Triassic  area  of,  circulation  of  under- 
ground waters  in 102-108 

faulting  in 71-78,104-105 

geology  of 67-75 

jointing  in 103-104 

location  and  extent  of 65 

mapof 68 

sedimentary  rocks  of,  character  of.       65 

structural  geology  of 101-103 

topography  of 66-67 

wells  in,  anal^^ses  of  waters  from.  106-107 

Triassic  rocks  of ,  character  of  — 69 

correlation  of 70 

distribution  of 69 

faulting  in 71-78,104-105 

jointing  in 73-74 

sources  of  water  in 95-101 

springs  in,  anal yses  of  water  from .  106-107 
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Vater  supply  furnished  by 95-112 

Conococheague  Creek,  Pa.,  contamination 

of 157 

water  supply  furnished  by 157 
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Conococheague  Creek,  source  of 157 

Barnesboro  and  Spangler,  Pa.,  discus- 
sion of 162-168 

Fort  Ticonderoga  quadrangle 128 

Frostburg      and      Flintstone      quad- 
rangles   172-173 

Georges  Creek,  source  of 169 

Jennings  run 172 

MorrlsCanal 150 

North  Branch  Potomac  River,  source  of.      172 
Quitman,  Ga.,  experiments  relating  to.  45-54 

Sixmlle  Creek,  at  Ithaca,  N.  Y 56 

Youghiogheny  River,  source  of 169 

Cowee  quadrangle,  N.  C,  drainage  of 174-175 

location  of 174 

topographic  features  of 174 

water  resources  of 174-176 

Cranberry  Lake,  N.  J.,  data  concerning 144 

Crescent  Beach,  Conn.,  well  at,  analysis  of 

water  from 106-107 

Cresson  Station,  Pa.,  springs  near,  analyses 

of 160-161 

water  supply  of 162 

Cromwell,  Conn.,  well  data  at 89 

Crooked  Creek,  Pa.,  course  and  character 

of 164-165 
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Cuba,  city  water  systems  of 187-198 

climatic  featuresof 186 

draimige  featuresof 185 

geography  and  topography  of 184 

geological  featuresof 185 

hydrology   of,    paper    on,    by    M.    L. 

Fuller 188-199 

mineral  springs  of lW-196 

9pring8  in,  character  of 198-194 

{(Qbterranean  streams  and  cayes  in 194 

Cullasaja  River,  course  and  features  of .. .  174-176 

Cullen  spring,  Mo.,  description  of 120 

Curwensville,  Pa.,  water  supply  of 161, 162 

Curwensvllle,  quadrangle.  Pa,,  water  re- 
sources of 159-163 

D. 

Dale,  T.  Nelson,  paper  by,  on  water  re- 
sources   of    Fort    Ticonderoga 

quadrangle 126-129 

summary  of  paper  by 12-18 

Dallas  County,  Mo.,  Bennett  Spring  in,  de- 
scription of 117-119 

Dana,  J.  D.,  work  of,  in  Trlassic  area  of  Con- 
necticut Valley,  reference  to. . .       67 
Davis,  W.  M.,  on  faultsin  the  Triassic  area 

of  the  Connecticut  Valley 78 

on  the  Triaasic  area  of  the  Connecticut 

Valley 

on  Triaj»c  formation  of  Connecticut . .  72, 78 
work  of,  in  Triaasic  area  of  Connecticut 

Valley,  reference  to 67 

DecaturviUe,  Mo.,  artesian  wells  near 122-128 

chert  beds  near,  character  and  origin 

of 124-125 

pegmatite  near,  character  and  occur- 
rence of  114-116 

prospect  work  near 114-115 

sinks  near,  description  of 122 

surface  waters  near 123 

Decaturrille  dome,  Mo.,  geologic  forma- 
tions in 114-117 

ideal  section  through,  diagram 114 

periods  of  uplift  in 116-117 

rocks  of,  character  of 114-117 

sketch  map  show^ing  region  of 118 

spring  system  of,  description 118-125 

Deer  Park  springs,  Md.,  location  of 169 

Denmark  Pond,  N.  J.,  data  concerning 144 

Direct-reading  meter.     See  Meter,  direct 

reading. 
Discharge  from   filled   pipes,  methods  of 

measuring 87-40 

Discharge  from  partly  filled  pipes,  methods 

of  measuring. 41-42 

Dtschaige  of  flowing  wells,  corrections  nec- 
essary in  accurate  determina- 
tions of 48-44 

methods  of  measurement  of 37-42 

Discharge  of  springs:  Bennett  spring,  Mo. .      117 

Blue  spring.  Mo 119 

Camp  Ground  spring,  Mo 121 

Celtsprings,  Mo 119 

Cullen  spring.  Mo 120 

Ella  (or  West)  spring,  Mo 121 
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Discharge  of  springs— Continued. 

Hahatonka  (or  Gunter)  spring,  Mo 120 

Lizzie  (or  East)  spring.  Mo 122 

Moulder  spring.  Mo 120 

San  Diego  de  los  Baflos.  Cuba 195 

Sand  spring,  Mo 119 

Sand  springs,  Taconic  quadrangle 182 

Sweet  (or  Big  Blue)  spring,  Mo 119 

Wet  Glaize  springs.  Mo 121 

Discharge  of  wells: 

Cuba 196-199 

Ithaca,  N.  Y 189 

Triassic  area  of  Connecticut  Valley 80-92, 

98-W 

Dixon  Pond,  N.  J.,  data  concerning 144 

Dorset  Mountain,  ice-water  brook  on 127 

Dover,  N.  J.,  water  supply  of,  source  of 151 

Durham  Pond,  N.  J.,  data  concerning 144 

£. 

Eakins,  L.  G.,  chemical  analysis  by 124 

Ebensburg,  Pa.,  water  supply  of 162 

Ebensburg  quadrangle,  Pa.,  elevations  in. .  159 

rocks  of,  character  of 160 

water  resources  of 159-168 

Elders  Ridge  quadrangle,  Pa.,  drainage  of.  164 

location  and  area  of 164 

topographic  features  of 164 

water  resources  of 164-165 

Elderton,  Pa.,  population  arid  water  sup- 
ply of 165 

Electric  meter,  use  of,  in  measuring  direc- 
tion and  velocity  of  underflow, 

described 17-31 

Electrode  used  in  charging  test  wells,  view 

of 18 

Electrolytes,  spread    of,  from  wells,   dia- 
grams illustrating 24-27 

Ella  (or  West)  spring.  Mo.,  description  of. .  121 
Emerson,  B.  K.,  on  age  of  metamorphosed 
rocks  in  Franklin,  Hampden, 

and  Hampshire  counties 68 

on  the  Triassic  of  Massachusetts 67 

subdivision  by,  of  Triassic   rocks  in 

Maasachusetts 70 

work  of,  in  Triassic  area  of  Connecticut 

Valley,  reference  to 67 

F. 

Fair  Haven,  Conn.,  well  data  at 92 

Fall  Creek,   N.  Y.,  sanitary    analysis  of 

water  of 135 

Faulting  in  Triassic  rocks  of  the  Connecti- 
cut Valley,  description  of 71-73, 

101-105 

Fayetteville,  Pa. ,  water  supply  of 167 

Flintstoue  quadrangle  (Md.-W.  Va.)  draln- 

ag3of 171 

location  of 171 

spring  waters  of 172 

topography  of 171 

water  resources  of 171-173 

Flow  of  springs.    See  Discharge. 

Forge  Pond,  N.  J.,  data  concerning 144 

Fort  Loudon,  Pa.,  water  supply  of 167 


Digitized  by  VjOOQIC 


204 


INDEX. 


Page. 
Fort  nconderoga  qoadranirle,  drainage  of.     127 

geology  of  water  supply  of »      128 

locationof 126 

topographic  features  of 126-127 

water  powers  in 129 

water  resources  of 126-129 

Freeville  artesian  basin,  N.  Y.,  description 

of 67 

French  Broad  River,  course  and  features 

of 176 

Frostburg,  Md.,  water  supply  of 173 

Frostburg  quadrangle  (Md.-W.  Va.)  drain- 

ageof 171 

locationof 171 

spring  waters  of 172-178 

topographic  features  of 171 

water  resources  of 171-178 

Fuller,  M.  L.,  paper  by,  on  hydrology  of 

CubA 188-199 

paper  by,  on  Triaasic  rocks  of  the  Con- 
necticut Valley  as  a  source  of 

water  supply 96-112 

summariea  of  papers  by 12,16 

G. 
Gale,  Hoyt  8.,  paper  by,  on  water  resources 
of  Co  wee  and  Pisgah  quadran- 
gles, N.C 174-176 

summary  of  paper  by 16 

Gallitdn,  Pa.,  water  supply  of 162 

Gasconade  limestone,  character  and  occur- 
rence of 116 

correlation  of ; 116 

thickness  of,  near  Decaturville,  Mo 128 

Genth,  F.  A.,  analyses  by,  Cresson  Springs 

water 160-161 

Georges  Creek,  contamination  of 169, 172 

course  and  character  of 169 

Georgia,  well  contamination  at  Quitman  in, 

experiments  relating  to 46-64 

Getman, ,  acknowledgment  to 185 

Gibara,  Cuba,  well  data  at 197 

Giberga,  O.,  acknowledgments  to 188 

Glacial  and  recent  deposits  in  Connecticut 
Valley,  character  and  distribu- 
tion of 74 

Gladstone,  N.  J.,  water  supply  of,  source  of.      161 

Glastenbury  Mountain,  elevation  of 131 

Grampian,  Pa. ,  water  supply  of 162 

Granby  tuff,  character  and  occurrence  of. .       71 
Grantsville  quadrangle  (Md.),  drainage  of.      168 

location  anaareaof 168 

springsin 169  ' 

topographic  features  of 168 

water  resources  of 168-170  ! 

Green  Mountain  range,  roclcs  of,  character  i 

of 129-130  ! 

Green  Pond,  Morris  County,  N.  J.,  data  con- 
cerning       144  I 

Green  River,  water  power  furnished  by 181  ' 

Greenbrier  limestone,  springs  in 169 

springs  on  contact  between  Helderberg 

limestone  and 172  | 

Greenbrier-Mauch  Chunk  water  horizon, 
depth  of,  in  Frostburg  and  Flint- 
stone  quadrangles 173  I 
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Greencastle,  Pa.,  water  supply  of 157 

Gregory,  H.  E.,  on  analyses  of  waters  from 

TriasBic  rocks  of  Connecticut.  106-107 

Greylock  Mountain,  elevation  of 181 

Ground  water,  velocity  of  flow  of,  electrical 
method  of  determining,  diagram 

showing 19 

See  aUo  Underflow. 

Quanajay,  Cuba,  well  data  at 197 

Quantanamo,  Cuba,  water  supply  of 190 

Qunter  spring.    See  Hahatonka  spring. 


Habana,  Cuba,  water  supply  of 187-190 

Habana  Harbor,  springs  in,  occurrence  of. .      19& 
Habana  Province,  Cuba,  mineral  spring  in, 

description  of 196 

Hackettstown,  N.  J.,  water  supply  of,  source 

of 151 

Hahatonka  spring,  cross  section  (ideal)  be- 
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description  of 120 

Hampton  diabase,  character  and  occur- 

renceof 71 

correlation  of 70 

Hanging  Hills,  Conn.,  fault  separating  La- 
mentation Mountain  from 72 

Hannibal  shales,  character  and  occurrence 

of lie 

Harlan-Middlesboro  region.    See  Middles- 
boro-Harlan. 

Hartford,  Conn.,  well  data  at 82-85, 97-9S 

wells  at,  analyses  of  water  from 106-107 

Hastings,  Pa.,  water  supply  of 162 

Hayes,  C.  W.,  acknowledgments  to 18S 
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and 178 
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of 151 
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highlands. 
Highwood,  Conn.,  spring  at,  analysis  of 
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of 71 

correlation  of 70 

Hoosic  River,  water  power  furnished  by . . .      181 

Hopatcong,  Lake,  data  concerning 144 
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table  for  determination  of  flow  from .  89-40, 41 
Horton,  Commiwioner,  on  water  supply  for 

Ithaca,  N.Y 66 

Hydrology  of  Cuba,  notes  on 188 
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Ithaca,  N.  Y.,  artesian  conditions  near 189 
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tionof 55-64 

Fall  Creek  at,  sanitary    analysis   of 

water  of 185 

Sixmile  Cr«ek  at,  sanitary  analysis  of 

water  of 186 

temporary  supply  wells  at,  sections  of. .       62 
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typhoid  epidemic  at,  cause  of 55-56 

water  supply  of,  source  of 55 

wells  at,  description  of 68-61 
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ply of 167 
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currence of 116 

correlation  of 116 

Jennings  run,  contamination  of  water  of . .      172 

Joints  in  Triaasic  rocks  of  Connecticut  Val- 
ley, description  of 78-74,  lOft-104 

K. 

Kensington,  Conn.,  well  data  at 88 

Kentucky,  southeastern,  Middlesboro-Har- 

lan  region  of,  water  resources 

of 177-178 

Kettle  holes,  in  New  Jersey  highlands,  oc- 

carrenceof 144 

Kinderhook  Creek,  water  power  furnished 

by 181 

Kiskiminitas  River,  Pa.,  course  and  char- 

acterof 164 
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nunmary  of  paper  by 18 

Ubelle,  H.  P.,  acknowledgments  to 188 
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description 143-144 
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LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 

United  States  Geological  Survey, 

Washi?igton^  D.  (?.,  May  4,  1904. 
Sir:  I  have  the  honor  to  transmit  herewith,  for  publication  in  the 
series  of  Water-Supply  and  Irrigation  Papers,  a  preliminary  report 
descriptive  of  the  underground  waters  in  the  State  of  Washington, 
prepared  by  Mr.  Henry  Landes  under  the  direction  of  Mr.  N.  H. 
Darton^  geologist  in  charge  of  the  western  section  of  hydrology. 

It  is  believed  that  the  report  is  a  valuable  contribution  to  the  knowl- 
edge of  the  water  resources  of  the  State. 

Very  respectfully,  F.  H.  Newell, 

Hydrographer  in  charge. 
Hon.  Charles  D.  Walcott, 

Director  United  States  Geological  Survey. 
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PRELIMINARY  REPORT  ON  THE  UNDERGROUND 
WATERS  OF  WASHINGTON. 


By  Henry  Landes. 


INTRODUCTION. 

This  report  contains  a  brief  account  of  the  water  resources  of  Wash- 
ington as  represented  by  municipal  supplies,  deep  wells,  and  springs. 
For  each  county  a  general  statement  is  made,  giving  the  location,  rain- 
fall, and  most  striking  features  of  topography  and  geology.  Following 
this  are  detailed  statements  which  give  data  concerning  the  municipal 
systems,  deep  wells,  and  springs,  and  which  have  been  secured  entirely 
by  correspondence.  The  blanks  sent  to  the  clerks  or  other  officials  of 
the  cities  and  towns  regarding  municipal  water  supplies  were  practi- 
cally all  filled  out  and  returned,  so  that  this  information  is  complete  to 
the  present  time.  The  blanks  for  the  deep  wells  were  not  returned  as 
generally  as  was  desired,  but  almost  every  section  of  the  State  where 
such  wells  occur  is  represented,  and  those  described  may  be  taken  as 
types  of  their  kind  in  each  county.  Springs  occur  so  very  generally 
throughout  the  State  that  only  a  small  ^fraction  of  them  may  be  said 
to  be  represented  in  the  blanks  filled  out  and  returned,  but,  as  in  the 
case  of  the  wells,  those  mentioned  are  typical  of  their  class,  and  it  is 
only  necessary  to  recall  that  the  number  given  in  every  county  may  be 
multiplied  many  times.  Every  effort  has  been  made  to  eliminate 
inaccuracies. 

No  general  statements  are  made  concerning  the  rainfall,  topography, 
and  geology  of  the  State  as  a  whole,  since  these  are  given  for  each 
county.  A  rainfall  map  is  included  in  order  to  show  at  a  glance  what 
the  precipitation  is  in  any  section,  also  the  contrasts  between  one  part 
of  the  State  and  another. 

ADAMS  COUNTY. 

Oeneral  statement. — Adams  County  lies  south  and  east  of  the  cen- 
tral part  of  the  State,  on  the  line  of  the  Northern  Pacific  Railway, 
between  Columbia  River  and  Spokane.  The  topography  is  that  of  a 
gently  sloping  plain,  descending  from  a  height  of  1,900  feet  in  the 
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northeast  comer  to  700  or  800  feet  in  the  southwestern  part  as 
Columbia  River  is  approached.  The  plain-like  character  of  the  sur- 
face is  modified  by  occasional  valleys  locally  known  as  "coulees." 
The  drainage  is  to  the  south  and  the  southwest,  toward  Snake  and 
Columbia  rivers.  Cow  Creek  is  the  principal  stream;  the  other 
streams  as  a  rule  are  intermittent  and  are  active  only  in  the  late  winter 
and  spring  months. 

This  county  lies  within  the  dry  region  of  central  Washington,  where 
the  precipitation  is  light  and  is  confined  to  the  winter  and  spring 
months.  In  the  western  half  of  the  county  the  average  yearly  rainfall 
is  10  inches  or  a  little  less,  while  in  the  eastern  half  it  is  from  10  to  15 
inches.  There  is  a  regular  increase  in  the  amount  of  rainfall  with  the 
increase  in  elevation,  and  hence  the  precipitation  is  greater  in  the 
northeastern  part  of  the  county  than  in  the  southwestern  portion,  and 
there  is  more  rain  in  uplands  than  in  the  valleys. 

The  Columbia  River  lava,  or  basalt,  is  the  principal  rock  in  Adams 
County.  It  forms  the  bed  rock  everywhere  except  in  the  southwest 
corner,  where  the  EUensburg  beds,  composed  of  sands  and  clays,  appear. 
As  a  rule  the  rocks  are  covered  with  a  thick  coating  of  soil,  the 
exceptions  being  the  valley  sides  and  occasionally  the  valley  bottoms. 
The  soil  is  fine  grained,  of  good  quality,  and  very  productive  when 
supplied  with  the  proper  amount  of  moisture.  Grazing  and  wheat 
raising  are  carried  on  very  successfully  in  nearly  all  parts  of  the 
county. 

Despite  the  small  rainfall,  there  is  little  or  no  difficulty  in  securing 
a  good  supply  of  water  for  domestic  purposes.  At  depths  of  from 
300  to  500  feet  wells  yield  large  quantities  of.  good  water.  The 
water-bearing  strata  are  usually  layers  of  very  porous  or  cellular 
basalt.  Wherever  such  layers  outcrop  along  the  border  of  a  valley, 
springs  are  commonly  found. 

Municipal  systems, — Ritzville  is  the  only  town  in  the  county  reported 
as  having  a  water-supply  system.  The  water  is  obtained  from  a  well 
having  a  depth  of  385  feet.  In  this  way  a  supply  of  good  water  is 
secured.  The  water  level  in  the  well  does  not  vary  during  the  day  or 
year  and  is  not  affected  by  pumping.  The  water  is  pumped  into  res- 
ervoirs and  is  distributed  by  gravity  throughout  the  town.  Besides 
serving  as  a  domestic  supply,  the  water  is  used  in  irrigating  the  lawns 
and  gardens. 

Deep  wells. — Besides  the  well  which  supplies  Ritzville,  another  deep 
well  has  been  drilled  at  the  same  place  by  the  Northern  Pacific  Railway 
Company.  This  well  has  a  diameter  of  8  inches  and  a  depth  of  855 
feet.  The  water  column  stands  at  a  height  of  about  240  feet.  There 
is  no  variation  in  the  water  level  during  the  day  or  year,  and  it  is 
affected  slightly  by  pumping.  It  is  used  by  the  railway  to  obtain 
water  for  locomotives. 
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At  Cunningham  a  well  has  been  diilled  by  Thomas  and  James 
CHair.  This  well  has  a  diameter  of  6  inches  and  a  depth  of  426  feet. 
The  water  column  stands  at  a  hei|2rht  of  856  feet  and  remains  station- 
ary throughout  the  year.  This  well  was  drilled  at  a  cost  of  $1,066. 
A  wind  pump  was  erected  at  a  cost  of  $290.  The  above  wells  serve 
as  a  type  for  those  of  Adams  County. 

Springs. — As  a  type  of  the  springs  found  in  Adams  County,  the  one 
owned  by  G.  W.  ^Kissett,  near  Washtucna,  may  be  noted.  The  water 
issues  as  a  stream  from  the  honeycombed  or  porous  basalt,  and  varies 
but  little  in  quantity  during  the  year.  It  is  sufficient  to  supply  the 
town  of  Washtucna,  and  some  of  it  is  used  for  irrigating  purposes 
as  well.  The  water  is  soft,  carries  no  sediment,  and  has  no  unpleasant 
taste. 

Along  Cow  Creek,  a  tributary  of  Palouse  River,  in  the  eastern  part 
of  the  county,  there  are  a  number  of  good  springs. 

ASOTIN  COUNTY. 

Oeneral  stateTnent. — Asotin  County  lies  in  the  extreme  southeast 
comer  of  the  State.  It  is  in  the  main  a  plateau  region,  deeply  dissected 
by  canyons.  The  higher  parts  of  the  plateau  have  an  elevation  of 
about  5,000  feet  above  sea.  The  canyon  of  the  Snake,  along  the  east- 
em  and  a  part  of  the  northern  boundaries  of  the  county,  has  a  depth 
of  3,000  to  4,000  feet.  Leading  into  the  larger  canyon  from  the 
southwest  are  the  smaller  canyons  of  Grande  Ronde  River  and  Asotin 
Creek. 

The  average  rainfall  is  25  inches  and  is  sufficient  to  afford  an  ample 
water  supply.  On  the  higher  parts  of  the  plateau  the  precipitation  is 
sufficient  to  produce  a  forest  growth  of  firs,  pines,  and  other  coniferous 
trees.  On  the  lower  parts  of  the  plateau  bunch  grass  grows  luxuriantly 
and  it  is  only  in  the  deep  valleys  that  irrigation  is  necessary. 

The  bed  rock  is  basalt,  except  in  occasional  instances  where  the 
streams  have  cut  through  the  lava  and  exposed  the  underlying  granites 
and  other  crystalline  rocks.  The  soil  is  very  thick  and,  since  it  is  of 
basaltic  origin,  is  of  good  quality. 

Only  in  the  valleys  has  the  county  been  settled  to  any  degree.  In 
the  deeper  valleys,  as  that  of  the  Snake,  irrigation  is  necessary  in 
order  to  produce  fruit,  vegetables,  and  other  products,  but  for  this 
purpose  there  is  an  ample  supply  of  water  at  hand.  Water  from 
Asotin  Creek  is  used  to  irrigate  a  lai*ge  area  of  flat  land  at  Clarkston, 
and  a  sagebrush  plain  has  been  converted  into  an  oasis  of  alfalfa 
meadows,  fruit  orchards,  and  vegetable  gardens.  In  the  gravels  and 
sands  of  the  valleys  good  water  may  be  had  from  wells  that  vary  in 
depth  from  20  to  50  feet. 

Mumicipal  systems. — Asotin,  the  county  seat,  is  situated  on  Snake 
Siver  at  the  mouth  of  Asotin  Creek.    The  water  supply  of  the  town 


Digitized  by  V^OOQIC 


30  UNDEBGBOUND   WATBBS   OP   WASHINGTON.  [no.UI. 

comes  primarily  from  Asotin  Creek,  but  some  dependence  is  placed  on 
wells  and  cisterns.  The  creek  rises  in  the  Blue  Mountains  and  carries 
pure,  clear  water  without  any  contamination.  Besides  serving  as  a 
domestic  supply  the  water  is  used  for  the  irrigation  of  lawns  and  gar- 
dens. The  supply  is  sufficient  for  the  present  and  in  all  probability 
for  all  future  needs. 

Garkston,  on  Snake  River  opposite  Lewiston,  also  gets  its  supply 
of  water  from  Asotin  Creek.  The  water  is  carried  by  a  flume  16  miles 
in  length  to  a  point  on  the  hillside  inunediately  above  the  town  and 
from  there  is  distributed  by  pipe  lines.  At  present  this  forma  the  sole 
supply  for  the  town,  but  a  deep  well  is  being  bored  as  a  possible  addi- 
tional source  of  supply.  An  analysis  of  the  water  of  Asotin  Creek 
n\ade  by  Professor  Fulmer  at  Pullman  on  January  29, 1903,  showed 
6.18  grains  of  solid  matter  in  each  gallon  of  water.  The  solid  matter 
was  found  to  be  wholly  free  from  objectionable  qualities. 

Along  Snake  River,  especially  in  the  vicinity  of  Asotin,  are  a  number 
of  wells  which  range  in  deptii  from  20  to  36  feet.  The  water  is 
obtained  from  gravel  and  sand  and  is  of  good  quality.  This  water 
supply  is  intimately  connected  with  the  river,  as  the  water  in  the  wells 
and  in  the  river  is  always  at  the  same  level. 

CHBHAIilS  COUNTY. 

General  statement — Chehalis  County  lies  on  the  western  border  of 
the  State,  fronting  the  Pacific  Ocean.  The  coast  line  here  is  irregular, 
the  most  marked  indentation  being  Grays  Harbor.  From  the  narrow 
b^lt  of  sand  dunes  along  the  coast  the  surface  rises  by  irregular  hills 
uatil  the  low  mountains  of  the  Coast  Range  are  encountered  on  the 
eastern  border  of  the  county.  Chehalis  and  Queniult  rivers  flow  in 
broad  valleys  from  east  to  west  across  the  county.  The  region  between 
these  streams  is  drained  by  Humptulips  River,  which  flows  south- 
west and  empties  into  Grays  Harbor. 

Along  the  coast  the  yearly  rainfall  averages  about  90  inches,  but 
inland  it  decreases  gradually,  dropping  to  65  inches  at  the  extreme 
eastern  edge  of  the  county.  Practically  the  whole  county  is  covered 
with  a  luxuriant  growth  of  vegetation,  the  only  exceptions  being  the 
small  areas  of  outwash  glacial  gravels,  conunonly  known  as  "  prairies," 
where  but  few  trees  have  yet  begun  to  grow. 

The  rocks  of  Chehalis  County  as  far  as  known  are  of  Tertiary  age. 
Marine  Bk)c«ne  fossils  have  been  identified  at  Porter  and  Elma,  in  the 
eastern  part  of  the  county,  and  marine  Pliocene  fossils  have  been 
found  at  Granville,  at  the  mouth  of  Queniult  River.  The  Tertiary 
rocks  are  chiefly  clastic,  consisting  of  beds  of  clay,  sand,  and  gravel. 
Occasionally  they  contain  a  small  igneous  dike,  usually  of  basalt. 
Nearly  all  of  the  county  north  of  Grays  Harbor  and  Chehalis  River 
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has  been  glaciated,  and  the  glacial  till,  with  layers  of  sand  and  gravel, 
is  very  thick. 

The  very  heavy  rainfall  yields  an  abundant  supply  of  water  for 
every  purpose.  The  lakes  and  the  deep  porous  soil  are  great  storage 
reservoirs,  which  feed  the  streams  at  all  seasons  and  give  them  an 
even  flow.  The  only  contamination  is  due  to  the  decay  of  vegetal 
matter  in  the  streams  and  lakes.  In  the  glacial  sediments  and  in  the 
gravels  and  sands  of  the  river  valleys  excellent  water  may  be  had 
from  weUs  of  moderate  depth.  It  is  not  likely  that  deep  wells  will 
ever  be  necessary  in  order  to  aflford  a  supply  of  water  in  any  part  of 
the  county.  Since  the  sedimentary  rocks  above  mentioned  are  known 
to  be  folded,  it  is  possible  that  artesian  basins  have  been  formed,  within 
which  flowing  wells  may  be  secured  by  drilling. 

Municipal  systems. — Aberdeen,  at  the  head  of  Grays  Harbor,  gets 
its  supply  of  water  from  a  creek.  The  quantity  obtained  in  this  way 
is  hardly  sufficient  for  present  needs,  and  water  from  another  creek 
near  by  will  soon  be  used.  The  system  of  waterworks  used  is  that  of 
direct  pressure.  As  a  rule  the  wells  do  not  yield  good  water,  since 
in  digging  them  marine  deposits  of  mud  and  sand  are  penetrated. 

A  sanitary  analysis  of  the  Aberdeen  city  water  was  made  April  14, 
1901,  by  Prof.  H.  G.  Byers,  of  the  University  of  Washington,  with  the 
following  result: 

Analygis  of  water  from  cUy  weU  at  Aberdeen, 

[Parts  per  million.] 

Total  eolidfl 75.69 

Volatile  8oUd8 12.50 

Nonvolatile  solids 63.19 

Nitrogen  as  nitrites None. 

Nitrogen  as  nitrates 090 

Nitit)gen  as  free  ammonia None. 

Nitrogen  as  albuminoid  ammonia 021 

Oxygen  consumed 966 

Chlorine 6.50 

The  water  supply  of  Cosmopolis  is  obtained  chiefly  from  wells,  but 
in  part  from  some  creeks  owned  by  the  Grays  Harbor  Commercial 
Company.  From  the  creeks  to  the  town  a  gravity  system  of  water- 
works has  been  installed.  The  water  is  soft,  of  good  quality,  and  is 
ample  for  present  needs  and  probably  for  all  future  demands. 

Hoquiam,  on  Grays  Harbor,  secures  its  water  supply  from  the 
headwaters  of  Little  Hoquiam  River,  which  affords  a  supply  of  good 
water  sufficient  for  present  and  future  needs.  The  water  is  pumped 
into  a  reservoir  and  then  distributed  by  gravity.  Besides  serving  the 
domestic  demands  the  water  is  also  used  as  a  boiler  supply.  Practi- 
cally no  wells  are  used  in  the  city,  especially  in  that  part  which  is  sit- 
uated on  the  tide  flats. 

Montesano,  the  county  seat  of  Chehalis  County,  obtains  its  water 
supply  from  some  springs  north  of  the  city.    The  supply  4s.^jffir 
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cient  for  the  present,  but  some  other  source  may  be  necessary  in 
the  future.  From  the  springs  the  water  flows  into  a  reservoir  and 
is  then  distributed  by  gravity.  The  water  is  of  good  quality  and 
there  are  no  sources  of  contamination.  In  Montesano  a  few  wells 
have  been  dug,  usually  about  35  feet  in  depth.  The  water-bearing 
stratum  is  gravel.  The  water  from  the  wells  is  good  and  may  be 
obtained  in  large  quantities.  The  water  level  varies  only  in  the  dry 
summer  months,  when  it  falls  somewhat. 

Ocosta,  a  town  of  about  300  inhabitants,  on  the  southwest  shore  of 
Grays  Harbor,  obtains  a  town  supply  from  wells  and  springs.  The 
water  is  of  good  quality  and  ample  for  present  needs.  The  wells  have 
an  average  depth  of  50  feet  and  the  water  is  obtained  from  beds  of 
sand.  The  sand  is  overlain  by  clay,  so  that  there  is  no  contamination 
from  the  surface.  The  water  level  in  the  wells  is  somewhat  lower  in 
summer  than  in  winter. 

CHBIiAN  COUNTY. 

Oeneral  statement. — Chelan  County  lies  a  little  north  of  the  center 
of  the  State,  and  extends  from  the  summit  of  the  Cascade  Mountains 
southeast  to  Columbia  River.  The  topography  is  very  rugged,  since 
it  includes  some  of  the  most  broken  parts  of  the  Cascades.  From  the 
northwestern  border  of  the  county,  which  has  an  altitude  of  7,000  to 
8,000  feet,  the  surface  slopes  southeastward  to  the  Columbia,  where  the 
elevation  is  only  about  700  feet  above  the  sea.  The  streams  flow  in 
deep  valleys  or  canyons,  and  the  divides  are  very  sharp  and  lined  with 
rows  of  p>eaks.  There  are  three  prominent  drainage  systems,  all  hav- 
ing northwest-southeast  courses.  Beginning  at  the  north  these  are 
Stehekin  River  and  Lake  Chelan,  Entiat  River,  and  Wenatchee  River. 

The  rocks  of  Chelan  County  are  mainly  granites,  gneisses,  schists, 
and  other  crystallines.  The  principal  exception  is  the  sandstone  of 
Eocene  age  in  the  southern  part  of  the  county.  The  sandstone  is  of 
lacustrine  origin  and  forms  a  belt  reaching  from  Wenatchee  to  Leav- 
enworth in  an  east- west  course  and  from  the  southern  border  of  the 
county  northward  for  about  30  miles. 

The  rainfall  is  greatest  along  the  extreme  western  border,  or  in  the 
region  of  the  highest  mountains,  where  it  is  from  40  to  60  inches  a 
year.  In  the  descent  eastward  it  decreases  rapidly  until  in  the  valley 
of  the  Columbia  it  averages  but  15  inches  yearly.  In  the  mountains 
much  of  the  precipitation  is  in  the  form  of  snow,  and  along  the  summit 
of  the  Cascades  are  many  glaciers.  The  snow-fed  mountain  streams 
carry  an  abundance  of  the  purest  water,  and  in  all  parts  of  the  county 
is  an  excellent  water  supply.  On  the  alluvial  fans  and  terraces  along 
Columbia  and  Wenatchee  rivers  large  tracts  are  now  under  successful 
irrigation,  the  water  being  supplied  by  the  mountain  streams. 
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Municipal  systems. — ^The  town  of  Chelan  has  obtained  its  water  in 
part  from  springs  and  in  part  from  Lake  Chelan.  A  system  of  water- 
works is  now  being  installed  whereby  the  water  from  the  lake  will  be 
pumped  into  reservoirs  and  then  be  distributed  throughout  the  town 
by  gravity.  As  the  water  of  the  lake  comes  from  the  snow  fields  and 
streams  of  the  high  mountains,  and  is  not  contaminated,  it  is  exceed- 
ingly pure  and  healthful.  Besides  serving  as  a  domestic  supply,  a 
large  amount  of  water  will  be  used  for  irrigation  within  and  about 
the  town.  Repeated  efforts  have  been  made  to  obtain  water  from 
wells,  but  although  depths  of  100  feet  were  reached  no  successful 
wells  have  been  dug  on  the  town  site. 

Lakeside,  at  the  southern  end  of  Lake  Chelan  and  near  the  town  of 
Chelan,  has  in  the  past  depended  upon  wells  for  its  water  supply. 
Like  the  town  of  Chelan,  it  has  under  construction  a  system  of  water- 
works which  will  draw  the  supply  from  the  lake. 

Wenatchee,  the  county  seat  of  Chelan  County,  situated  on  Columbia 
River  at  the  mouth  of  the  Wenatchee,  obtains  its  supply  of  water 
from  a  creek  which  flows  out  from  the  Cascade  Mountains.  This  sup- 
ply is  sufficient  for  present  needs,  but  must  be  supplemented  by  some- 
thing better  in  the  future.  Besides  its  use  as  a  house  supply,  the 
water  is  extensively  used  for  irrigating  lawns,  gardens,  and  orchards. 
There  are  no  successful  wells  in  the  region  about  Wenatchee. 

Springs. — In  the  eastern  part  of  the  county  a  number  of  springs  are 
employed  for  domestic  supply  and  for  irrigation.  The  spring  owned 
by  George  Brisson,  which  may  be  regarded  as  a  typical  one,  issues 
as  a  stream  from  a  porous  basaltic  rock.  The  water  is  of  good  quality, 
carries  no  sediment,  remains  constant  for  the  most  part,  but  decreaseia 
somewhat  in  flow  in  the  autumn. 

CLAIiliAM  COUNTY. 

General  statement. — Clallam  County  lies  in  the  extreme  north- 
west comer  of  the  State,  and  has  a  frontage  on  both  the  Pacific  Ocean 
and  the  Strait  of  Juan  de  Fuca.  It  includes  the  northern  half  of 
the  Olympic  Mountains,  the  highest  peak  of  which.  Mount  Olympus, 
stands  on  the  southern  border  of  the  county.  The  Olympics  are 
rugged,  deeply  dissected  mountains,  and  reach  outward  almost  to  the 
coast,  leaving  a  narrow  belt  of  hills  inunediately  along  the  shore. 
This  belt  is  much  wider  along  the  Pacific  coast  than  along  the 
strait.  The  highest  mountain  peaks  are  from  6,000  to  8,000  feet 
above  the  sea. 

The  greatest  I'ainfall  in  the  State  is  at  Cape  Flattery,  where  the  aver- 
age for  the  year  reaches  100  inches.  From  this  point  eastward 
the  precipitation  decreases  regularly,  until  at  the  eastern  border  of  the 
county  it  is  from  20  to  30  inches  per  year.    In  the  highest  mountains 
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much  of  the  precipitation  is  in  the  form  of  snow,  and  the  snow  fields 
and  glaciers  serve  as  reservoirs  from  which  the  streams  are  fed  daring 
the  sunmier  months.  The  great  abundance  of  pure  mountain  water 
will  not  only  serve  as  an  ample  supply  for  all  municipal  and  domestic 
requirements,  but  will  afford  excellent  water  power.  All  parts  of  the 
county  except  the  highest  mountains  are  densely  forest  clad,  and  the 
forests  are  eminently  helpful  in  retarding  the  run-off  iEind  equalizing 
the  flow  of  the  streams  from  season  to  season. 

In  a  belt  varying  from  10  to  20  miles  in  width,  extending  along  both 
the  north  and  west  coasts,  the  rocks  are  of  Tertiary  age  and  represent 
marine  sediments.  Eocene  or  Oligocene  fossils  have  been  identified 
along  the  Strait  of  Juan  de  Fuca  between  Twin  River  and  Gettysburg, 
and  fossils  that  are  probably  of  upper  Miocene  age  have  been  found 
near  the  mouth  of  the  Quillayute  River  on  the  west  coast.  The  Ter- 
tiary rocks  are  all  sedimentary,  consisting  chiefly  of  conglomerates, 
sandstones,  and  shales.  Within  these  rocks  a  good  supply  of  water 
may  be  had  from  comparatively  shallow  wells. 

To  the  south  and  east  of  the  belt  of  rocks  above  mentioned,  within 
the  higher  Olympics,  the  rocks  consist  of  schists,  slates,  and  other 
metamorphics,  with  great  intrusions  and  extrusions  of  igneous  rocks. 
The  age  of  these  rocks  and  their  relations  to  the  sedimentaries  above 
described  have  never  been  determined.  Along  the  northern  border 
of  the  county  the  glacial  sediments  are  commonly  very  heavy,  and 
from  these  it  is  usually  easy  to  secure  good  water  by  means  of  wells 
from  20  to  40  feet  in  depth.  There  are  many  large  lakes  within  the 
county,  such  as  Ozette  and  Crescent,  which  are  reservoirs  of  the  pur- 
est water.  Lake  Crescent  is  a  very  deep  lake,  at  the  border  line  of 
the  high  mountains,  with  water  of  exti'aordinary  blueness  and  purity. 

Municipal  mfstems, — ^The  water  supply  of  Port  Angeles,  the  county 
seat  of  Clallam  County,  comes  in  part  from  wells,  but  in  the  main  is 
derived  from  Frazer  Creek,  which  is  a  small  stream  rising  in  the 
Olympic  foothills  back  of  the  town  and  flowing  through  the  town  site. 
About  one-half  of  the  water  of  the  stream  is  taken  out  in  pipes  and 
distributed  by  gi-avity.  As  the  water  is  often  subject  to  contamina- 
tion, and  is  of  insufficient  quantity  for  the  future,  it  affords  a  some- 
what unsatisfactory  supply.  A  plan  is  on  foot  to  secure  water  from 
Little  River,  which  is  within  6  miles  of  the  city.  This  stream  rises 
in  the  snow  fields  of  the  Olympic  Mountains  and  carries  a  large  volume 
of  excellent  water.  The  wells  that  have  been  dug  about  Port  Angeles 
vary  in  depth  from  12  to  40  feet.  The  water-bearing  strata  of  sand 
and  gravel  are  overlain  by  clay,  which  prevents  contamination  from 
the  surface.  The  water  level  is  lowered  somewhat  in  the  summer 
months,  but  for  domestic  uses  the  wells  are  never  exhausted. 

Port  Crescent,  located  on  the  Sti-ait  of  Juan  de  Fuca,  a  few  miles 
west  of  Port  Angeles,  secures  its  water  supply  mainly  from  wells,  but 
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to  a  limited  extent  from  a  small  lake.  The  wells  range  in  depth  from 
16  to  20  feet.  Water  is  obtained  from  sandstone,  which  is  overlain 
by  a  thin  layer  of  soil.  The  water  rises  in  the  wells  to  within  a  few 
few  feet  of  the  surface,  and  the  level  is  scarcely  affected  by  pmnping. 

CTiAHKFi  COUNTY. 

General  atdtement. — Clarke  County  is  situated  on  the  southwestern 
border  line  of  the  State,  having  Columbia  River  on  its  southern  and 
western  sides,  Cowlitz  County  on  the  north,  and  Skamania  County  on 
the  east.  From  a  low  plain  along  the  Columbia  the  surface  rises  grad- 
ually to  the  foothills  of  the  Cascades  until  the  northeastern  part  of  the 
county  is  reached,  which  presents  a  very  broken  appearance.  The 
principal  streams  are  the  North  and  South  forks  of  Lewis  River, 
Salmon  River,  and  Washougal  River. 

The  yearly  rainfall  of  Clarke  County  varies  in  passing  from  west  to 
east,  but  it  may  be  said  to  average  about  50  inches.  The  precipitation 
is  nearly  all  in  the  form  of  rain,  the  elevation  above  sea  not  being 
suf&cient  to  produce  snow  to  any  marked  degree. 

The  bed  rock  is  mainly  basalt,  except  in  the  northeastern  portion  of 
the  county,  where  the  metamorphic  and  granitic  rocks  of  the  Cascades 
prevail.  The  weathered  basalt  affords  an  excellent  soil,  and  agricul- 
ture has  come  to  be  a  very  important  industry.  The  soil  has  formed 
to  such  a  depth  that  it  contains  a  good  water  supply,  and  surface  wells 
are  therefore  in  common  use.  Along  Columbia  River  are  broad 
gravel  terraces  from  which  large  quantities  of  water  are  obtained  by 
means  of  springs  and  wells.  The  springs  are  common  along  the  ter- 
race bases  and  often  yield  large  amounts  of  water.  The  wells  are 
from  25  to  75  feet  in  depth,  and  the  water-bearing  strata  are  usually 
overlain  by  clay,  so  that  surface  contamination  is  at  a  minimum. 

Municipal  systems. — Vancouver,  the  county  seat,  secures  its  water 
supply  from  3  springs  and  2  wells.  The  amount  thus  obtained  is  suffi- 
cient for  present  needs,  and  doubtless  will  be  ample  for  some  time  to 
come.  There  are  no  sources  of  contamination,  and  the  water  is  of 
excellent  quality.  A  gravity  system  of  waterworks  is  used.  The 
wells  about  Vancouver  range  in  depth  from  30  to  75  feet.  The  water 
is  found  in  a  stratum  of  coarse  gravel,  which  is  overlain  by  clay. 
It  rises  to  within  25  feet  of  the  surface,  and  very  little  change  in  the 
level  is  noted  from  season  to  season.  The  water  level  is  affected  only 
to  a  slight  degree  by  pumping.  Besides  its  use  for  domestic  purposes, 
the  water  system  is  drawn  upon  for  fire  protection,  boiler  supply,  etc. 
An  analysis  of  the  water  showed  the  total  solids  per  gallon  of  water  to 
be  10.06;  organic  matter  per  gallon,  0.60;  hardness,  11.30. 

Springs. — Five  miles  east  of  Vancouver  are  3  springs  owned  by  the 
Vancouver  Waterworks  Company.    The  water  flows  out  in  streams 


Digitized  by  VjOOQIC 


16  UNDBEGROUND   WATERS   OF   WASHINGTON.  [no.  ill. 

from  a  bed  of  gravel  which  outcrops  upon  a  hillside.  The  flow  varies 
slightly  at  different  times,  but  is  about  1,750,000  gallons  daily.  The 
water  is  soft,  has  a  pleasant  taste,  and  carries  no  sediment. 

COI.UMBIA  COUNTY. 

GeTieral  statement. — Columbia  County  lies  between  Wallawalla 
County,  on  the  west,  and  Garfield  County,  on  the  east,  and  reaches  from 
the  Oregon  line  northward  to  Snake  River.  The  southern  part  of  the 
county  Jies  within  the  broad  plateau  of  the  Blue  Mountains,  and  has  a 
height  of  from  4,000  to  5,000  feet  above  the  sea.  The  northern  part 
is  a  region  of  high,  rolling  hills  and  deep  ravines.  Along  the  northern 
border  Snake  River  flows  in  a  canyon  that  has  a  depth  of  1,000  to 
1,500  feet. 

The  rainfall  varies  from  15  inches  a  year  along  Snake  River  to  25 
inches  in  the  central  and  southern  parts.  In  the  Blue  Mountains  it  is 
sufficient  to  produce  a  forest  cov^ering.  In  the  northern  part  of  the 
county  the  bunch  grass  which  once  grew  so  luxuriantly  is  fast  giving 
way  to  wheat  fields.  In  agriculture  irrigation  is  necessary  only  along 
the  benches  or  terraces  of  the  Snake,  where  there  are  many  fine  fruit 
and  alfalfa  ranches. 

As  far  as  known,  there  are  no  other  rocks  in  the  county  save  basalt. 
Some  parts  of  the  basalt  are  very  vesicular  or  porous,  and  are  com- 
monly water  bearing.  In  digging  wells  an  ample  supply  of  good 
water  is  generally  found  within  50  feet  of  the  surface.  On  the  hill- 
sides, wherever  the  porous  basalt  outcrops,  springs  may  occur,  and 
they  are  in  common  use  as  domestic  water  supplies. 

Municipal  systems. — Dayton,  the  principal  town  and  the  county 
seat  of  Columbia  County,  obtains  its  water  supply  from  springs. 
These  afford  a  supply  which  will  doubtless  be  ample  for  all  time  to 
come.  A  gravity  system  of  waterworks  is  used.  In  a  few  instances 
water  is  obtained  from  private  wells,  which  range  in  depth  from  25  to 
50  feet.  The  water  is  found  in  very  porous  layers  of  basalt.  In  the 
wells  the  water  level  varies  slightly  with  the  seasons,  but  is  not 
affected  to  any  appreciable  extent  by  pumping. 

Springs, — Near  Dayton  are  the  springs  from  which  the  city  water 
supply  is  derived.  The  water  seeps  out  from  beds  of  gravel  at  the 
base  of  a  hill.  The  amount  of  water  varies  considerably  with  the 
season,  the  flow  being  reduced  in  the  dry  summer  months.  The  water 
is  soft,  and  no  deposits  of  mineral  matter  or  sediments  are  found  about 
die  springs. 

COWIilTZ  COUNTT. 

General  statement. — Cowlitz  County  is  situated  on  the  southwestern 
boundary  of  the  State,  north  of  Clarke  County  and  Columbia  River. 
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The  western  half  of  the  county  is  composed  of  low  irregular  hills  and 
broad  stream  valleys;  the  eastern  half  is  very  rough  and  broken,  since 
it  contains  the  foothills  and  outlying  spurs  of  the  Cascades.  The 
principal  streams  are  Cowlitz,  Toutle,  and  Ealama  rivers. 

The  annual  raiafall  varies  from  65  inches  on  the  western  margin  to 
60  inches  in  the  eastern  part.  Every  part  of  the  county  is  therefore 
well  watered  and  heavily  forested.  There  is  sufficient  water  in  the 
streams  to  supply  any  possible  municipal  demands.  On  the  terraces 
or  benches  of  the  larger  streams  good  water  is  secured  from  wells  at 
depths  between  15  and  50  feet. 

In  the  northern  and  western  parts  of  the  county  the  prevailing 
rocks  are  shales  and  sandstones  of  Eocene  age.  Along  Cowlitz  River 
these  rocks  are  coal  bearing,  and  in  the  neighborhood  of  Castle  Rock 
and  Kelso  coal  mines  have  been  in  op>eration  for  some  time.  The  soft 
coal  measures  have  readily  decomposed  at  the  surface,  and  upon  them 
is  a  residual  soil  many  feet  in  thickness.  From  the  soil  or  the  porous 
rock  below  water  in  large  quantities  is  readily  obtained  by  wells  of 
moderate  depth.  In  the  southeastern  part  of  the  county,  in  the 
vicinity  of  Ealama,  the  usual  rock  is  basalt,  and  from  it  water  is 
secured  in  wells  averaging  25  feet  in  depth. 

Municipal  systems. — Castle  Rock  obtains  its  water  supply  from  a 
stream  which  rises  in  the  foothills  east  of  the  town.  This  supply  is 
sufficient  for  the  present,  but  must  be  supplemented  in  the  future  by 
water  from  some  other  source.  The  water  is  brought  f rota  the  stream 
in  pipes  and  distributed  by  a  gravity  system.  The  wells  in  the  vicinity 
of  Castle  Rock  vary  in  depth  from  15  to  20  feet.  The  water-bearing 
material  is  gravel.  The  height  of  the  Vrater  column  depends  upon  the 
stage  of  water  in  Cowlitz  River  near  by,  rising  and  falling  with  the 
river  level. 

Ealama  obtains  its  water  by  a  gravity  system  from  two  creeks. 
The  supply  will  doubtless  have  to  be  increased  in  the  future.  The 
water  is  very  good,  the  only  contamination  being  from  a  small  amount 
of  decaying  vegetation.  A  few  wells  are  used  about  Ealama,  having 
an  average  depth  of  25  feet.  They  are  sunk  in  basalt  and,  as  contam- 
ination may  be  entirely  prevented,  the  water  is  very  good. 

BOUGI4A8  COUNTT. 

General  statement, — Douglas  County  is  situated  immediately  east  of 
the  central  part  of  the  State,  within  what  is  commonly  known  as  the 
''Big  Bend"  of  the  Columbia.  Its  surface  is  that  of  a  plateau,  broken 
by  the  Badger  Mountains  in  the  western  part  and  by  the  Saddle 
Mountains  in  the  southern  part,  and  sloping  gently  from  north  to 
south.  Along  its  northern  margin  the  plateau  has  an  elevation  of 
about  3,000  feet  above  sea  level,  which  decreases  to  less  than  1,000 
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feet  along  the  southern  border  of  the  county.  Within  the  plateau  are 
three  notable  canyons  or  deep  clefts,  namely,  the  present  valley  of 
the  Columbia,  and  Moses  and  Grand  coulees,  the  latter  doubtless  rep- 
resenting a  former  course  of  Columbia  River.  Several  small  creeks 
which  enter  Moses  Coulee  sink  in  the  sand  and  do  not  form  a  main 
stream.  In  Grand  Coulee  is  a  chain  of  lakes,  the  largest  being  Blue 
and  Moses  lakes.  Some  of  the  lakes  are  fresh,  but  the  majority  are 
alkaline. 

Douglas  County  lies  within  the  region  of  lowest  rainfall  in  the 
State.  In  the  northwestern  part  the  average  precipitation  for  the 
year  is  15  inches;  in  the  remainder  of  the  county  it  is  10  inches  or 
less.  The  precipitation  is  largely  in  the  form  of  snow,  especially 
where  the  elevation  is  greatest.  There  is  no  forest  growth,  and 
prairie  conditions  wholly  prevail.  In  the  highest  portions  of  the 
county  the  bunch  grass  grows  abundantly,  and  cattle  raising  is  an 
important  industry.  Here  also  wheat  may  be  grown  successfully, 
and  it  has  already  come  to  be  an  important  product.  In  the  southern 
part  of  the  county,  where  the  rainfall  is  least,  irrigation  must  be 
practiced  in  order  to  carry  on  agriculture. 

The  bed  rock  is  practically  all  basalt  except  a  narrow  fringe  of 
granite  which  is  exposed  in  the  canyon  walls  of  the  Columbia,  and 
some  granite  outcrops  in  the  northern  end  of  Grand  Coulee.  A  small 
area  of  early  Tertiary  sandstone  underlies  the  basalt  along  Columbia 
River  opposite  Wenatchee,  and  late  Tertiary  lake  beds  covering  a 
considerable  area  of  the  basalt  in  the  southern  part  of  the  county 
should  also  be  noted.  From  the  basalt  a  very  thick  and  tine -grained 
soil  has  been  formed,  which  retains  water  to  an  unusual  degree.  In 
this  way  enough  water  is  held  within  the  soil  after  the  winter  precipi- 
tation to  grow  and  mature  the  wheat  during  the  coming  spring  and 
summer.  Within  the  soil  or  the  porous  portions  of  the  basalt  below 
it  is  usually  not  difficult  to  secure  a  sufficient  supply  of  water  for 
house  and  farm  purposes.  Springs  are  more  or  less  common  through- 
out the  county,  more  particularly  at  the  bases  of  the  cliflfs  along  the 
Columbia  and  the  coulees.  Springs  are  largely  the  sources  of  the 
lakes  mentioned  above. 

Municipal  sy sterns, — ^The  town  of  Wilsoncreek  depends  in  the  main 
upon  wells  for  its  supply  of  water,  but  a  small  stream  is  also  used  to 
some  extent.  The  supply  is  barely  sufficient  for  present  needs,  and 
another  source  must  be  sought  in  the  future.  While  some  of  the  wells 
have  soft  water,  the  others  are  slightly  alkaline.  They  range  in  depth 
from  12  to  54  feet.  The  more  shallow  wells  obtain  water  from  beds 
of  gravel,  while  the  deeper  wells  enter  the  bed  rock.  The  water  level 
in  the  wells  scarcely  varies  from  season  to  season  and  is  not  ordinarily 
affected  by  pumping. 
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Grand  Coulee,  which  has  a  northeast-southwest  direction  across  the 
count}^  was  in  a  former  time  occupied  by  Columbia  River.  Along 
the  course  of  the  coulee  there  is  now  a  chain  of  shallow  lakes,  some  of 
which  are  fresh,  but  the  most  of  them  are  alkaline.  The  following 
descriptive  matter  concerning  two  of  them  is  taken  from  Vol.  1,  of 
the  Annual  Report,  Washington  Geological  Survey,  for  1901. 

Moeee  Lake,  which  lies  about  12  milee  southeast  of  Ephrata,  on  the  Great 
Northern  Railway,  is  about  18  miles  long  and  a  mile  wide,  and  is  very  shallow. 
The  average  depth  is  approximately  20  feet.  It  lies  in  a  shallow  basin  with  low 
banks,  so  that  a  rise  of  but  a  few  feet  would  inundate  a  large  section  of  country. 
The  water  is  unfit  for  drinking  purposes,  but  is  not  strongly  alkaline  and  could 
probably  be  used  in  irrigation.  The  section  of  country  in  which  these  lakes  are 
located  is  of  course  very  dry,  and  supports  only  a  scanty  vegetation.  Where 
there  is  water,  however,  the  soil  is  very  fertile.  The  lake  drains  a  large  area 
through  upper  Crab  Creek.  It  has  no  outlet,  but  across  its  foot  lies  a  low  range  of 
sand  hills  through  which  the  water  seeps  into  the  sources  of  lower  Crab  Creek,  which 
occupies  the  bed  of  the  canyon  below.  Along  this  canyon  lie  numerous  shallow 
ponds  which  dry  up  in  summer.  The  deposits  left  by  these  are  not  of  any  consider- 
able value,  though  they  contain  an  appreciable  quantity  of  borax. 

An  interesting  feature  of  Moses  Lake  is  the  fact  that  it  is  gradually  rising,  having 
risen  about  10  feet  in  the  last  seven  years.  If  it  continues  to  rise  through  a  few  more 
feet  it  will  break  through  a  clear  course  into  lower  Crab  Creek  and  empty  into  the 
Columbia. 

The  analysis  of  the  water  of  Moses  Lake  is  as  follows.    The  analysis  is  by  H.  G. 

Knight: 

[Paits  per  thousand.] 

Total  solids 0.32357 

Volatile  solids 10095 

Nonvolatile  solids 22262 

SiUca 01502 

Alumina  and  iron  oxide 00331 

Calcium  carbonate 06235 

Magnesium  carbonate 07525 

Sodium  sulphate 01258 

Sodium  chloride 01895 

Sodium  carbonate 10914 

More  interesting  is  the  so-called  Soap  Lake,  or  Sanitarium  Lake,  situated  about  6 
milee  north  of  Ephrata.  This  lake  is  so  called  because  it  is  so  strongly  alkaline  as  to 
be  soapy  to  the  touch,  and  when  a  strong  wind  blows  across  it  the  water  along  the 
shore  is  beaten  into  great  rolls  of  foam.  Fish  can  not  live  in  the  water,  nor  is  there 
any  vegetation  in  this  as  in  Moses  Lake.  The  water  is  used  for  bathing,  but  to  those 
not  accustomed  to  its  use  the  water  has  a  slightly  caustic  or  irritating  effect.  It  is 
also  claimed  that  it  is  useful  medicinally.  There  is  much  of  peculiar  interest  about 
the  lake.  It  is  about  2J  by  three-fourths  miles  in  extent  and  is  very  deep  in  places 
and  probably  averages  about  40  feet  It  drains  only  a  very  small  area  of  country 
and  has  neither  inlet  nor  outlet  in  the  form  of  streams.  It  is  located  in  a  deep  basin 
walled  to  the  height  of  100  feet  or  more  on  the  east  and  west  by  cliffs  of  black 
basalt.  The  land  to  the  north  and  south  rises  slowly;  on  the  south  to  nearly  the 
height  of  the  cliffs,  but  on  the  north  the  rise  is  so  slight  that  should  the  lake  rise 
15  feet  it  would  empty  into  the  next  of  the  chain  of  lakes  to  the  north.  The  source 
of  the  water  of  the  lake  is  said  to  be  a  spring  in  the  center.    The  Indians  of  the 
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neighborhood  assert  that  only  a  few  yean  sinoe  the  lake  was  very  small  and  was 
fed  by  this  strongly  alkaline  spring.  Fresh  water  is,  however,  continually  seeping 
in  from  the  shores,  as  is  shown  by  the  fact  that  fresh-water  wells  may  be  sank  even 
bat  a  few  feet  from  the  shore,  and  that  the  cattle,  disliking  the  strongly  alkaline  water, 
face  the  shore  to  obtain  the  sweeter  seepage. 
The  analysis  of  the  water  is  as  follows: 

[Parts  per  thoiuand.] 

Potassium  carbonate 51177 

lithium  sulphate. Trace. 

Phosphorus  pentoxide 12018 

Carbon      dioxide      (semicom- 

bined) 1.37034 

Borax None. 

Iodine None. 

Freeammonia 03400 

Albuminoid  ammonia 1. 1060 

The  specific  gravity 1.0260 


Total  solids 28. 

Volatile  solids 62503 

Nonvolatile  solids 27.64186 

Silica 12816 

Alumina  and  iron  oxide Trace. 

Calcium  sulphate Trace. 

Calcium  carbonate Trace. 

Magnesium  sulphate 39099 

Sodium  sulphate 6.34872 

Sodium  chloride 5.81384 

Sodium  carbonate 14.08901 


PBAKKIilN  COUNTY. 

General  statement.  — Franklin  County  lies  between  Wallawalla  County 
on  the  south  and  Adams  County  on  the  north,  with  Columbia  River 
as  its  western  boundary.  The  surface  is  that  of  a  plain,  sloping  gently 
toward  Columbia  and  Snake  rivers.  In  the  northwest  comer  of  the 
county  the  plain  is  about  300  feet  above  the  surface  of  the  Columbia, 
giving  rise  to  the  cliffs  along  the  stream  known  as  the  White  Bluffs. 
In  the  eastern  part  of  the  county  the  plain  rises  to  a  height  of  300  to 
400  feet  above  the  level  of  the  Snake.  Near  the  confluence  of  the  two 
rivers  the  plain  decreases  in  elevation  and  the  banks  of  the  streams  are 
but  a  few  feet  in  height. 

The  average  rainfall  is  about  10  inches  a  year.  This  will  not  admit 
of  any  forest  growth  and  scarcely  permits  of  the  growth  of  bunch 
grass.  Agriculture  may  be  carried  on  only  where  irrigation  is  pos- 
sible. Irrigated  tracts  along  the  rivers  yield  very  fine  returns  in 
alfalfa  and  fruit. 

In  the  western  part  of  Franklin  County  the  outcropping  rocks  are 
thin  beds  of  sand  and  clay,  with  layers  of  volcanic  dust,  which  repre- 
sent Miocene  lacustrine  sediments.  Such  deposits  at  one  time  may 
have  covered  the  entire  county,  but  in  the  eastern  portion  basalt  alone 
now  appears.  At  a  number  of  places  successful  wells  have  been  drilled 
in  the  basalt,  the  water  being  found  in  the  more  porous  or  vesicular 
parts  of  the  rock.  The  depth  of  the  wells  varies  from  about  200  to 
nearly  700  feet.  It  is  evident  that,  in  advance  of  drilling,  the  depth  at 
which  water  will  be  found  is  conjectural.  In  the  western  part  of  the 
county  a  well  is  now  being  drilled  in  the  sedimentary  rocks  noted 
above. 
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Deep  vydU. — ^W.  T,  BradeD,  living  at  Connell,  completed  a  deep 
well  in  September,  1902.  The  well  is  located  in  a  canyon,  and  its 
mouth  has  an  elevation  above  the  sea  of  840  feet.  It  has  a  diameter 
of  5  inches  and  a  depth  of  676  feet.  The  well  is  cased  from  the  surface 
to  solid  rock,  a  distance  of  100  feet.  The  water  rises  in  the  well  about 
86  feet  and  is  brought  to  the  surface  by  a  wind  pump.  The  tempera- 
ture of  the  water  when  brought  to  the  well  mouth  is  51^  F.  The 
water  level  does  not  vary  during  the  day  or  year  and  is  not  affected 
by  pumping.  The  cost  of  the  well,  including  the  pumping  machinery, 
was  about  $3,000. 

There  are  several  firms  making  a  business  of  drilling  wells  in  Franklin 
County,  the  most  prominent  of  which  is  the  Reinbolt  Well  Drilling 
Company.  A  few  of  the  wells  drilled  by  this  company,  with  their 
depths,  are  here  given:  H.  W.  Brummond,  410  feet;  John  Finkbiner, 
485  feet;  John  L.  Wordheim,  212  feet;  Connell  Land  and  Improve- 
ment Company,  243  feet;  William  Fisch,  265  feet;  William  Elgin, 
323  feet;  Charles  Schelley,  487  feet. 

Springs. — A  number  of  springs  are  known  to  exist  in  the  eastern 
part  of  Franklin  County,  although  but  a  few  of  these  have  been 
reported.  These  springs  are  oftentimes  the  sources  of  supply  for 
small  lakes  which  have  no  outlets. 

JEFFERSON  COUNTY. 

Oeneral  staternent. — Jefferson  County  is  situated  in  the  north- 
western part  of  the  State,  between  Clallam  County  on  the  north  and 
west  and  Chehalis  and  Mason  counties  on  the  south,  and  extends  from 
Puget  Sound  to  the  Pacific  Ocean.  Topographically  the  surface  pre- 
sents a  great  diversity.  The  county  contains  the  most  rugged  por- 
tions of  the  Olympic  Mountains,  the  only  areas  that  are  comparatively 
level  being  in  the  northeastern  part,  within  a  few  miles  of  the  shores 
of  Pilget  Sound.  This  is  the  only  part  of  the  county  inhabited  to 
any  degree,  there  being  no  inhabitants  within  the  Olympics  and  but 
very  few  west  of  the  mountains  along  the  Pacific  coast. 

The  rainfall  along  the  western  coast  averages  over  85  inches  a  year. 
It  decreases  steadily  eastward  and  is  less  than  20  inches  in  the  vicinity 
of  Port  Townsend.  The  district  east  of  the  Olympics  has  a  low 
rainfall  because  the  high  mountains  divert  to  some  degree  the  rain- 
laden  westerly  winds.  Within  the  Olympics  are  several  glaciers  and 
snow  fields  which  feed  the  streams  during  the  rainless  months  of 
summer. 

The  band  of  Teitiary  rocks  which  encircles  the  Olympic  Mountains 
outcrops  in  both  the  eastern  and  the  western  parts  of  the  county. 
The  rock  series  is  composed  chiefly  of  conglomerates,  sandstones,  and 
sbalee,  and  without  doubt  contains  large  quantities  of  water  which 
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can  be  secured  by  means  of  wells.  The  bed  rock  just  mentioned  is 
often  deeply  buried  by  glacial  sediments,  which  are  important  reservoirs. 
Municipal  systems. — Port  Townsend  obtains  its  water  supply  from 
driven  and  dug  wells  owned  by  the  Spring  Valley  Water  Company. 
From  these  wells  250,000  gallons  per  day  are  obtained  by  pumping. 
This  supply  is  hardly  sufficient  for  present  needs,  and  a  gravity  system 
from  some  stream  coming  out  of  the  Olympic  Mountains  is  in  contem- 
plation. The  water  in  use  at  present  is  of  good  quality.  The  wells  do 
not  enter  bed  rock,  the  water-bearing  materials  being  sand  and  gravel. 
A  heavy  bed  of  clay  which  lies  above  the  sand  and  gravel  prevents 
contamination.  An  analysis  of  the  Port  Townsend  water  is  given 
below: 

Analysis  ofvxUerfrom  Port  Townsend,  Wash 
[Qmins  per  gallon.] 

Silica 1.255 

Alumina  and  iron  oxide 146 

Calcium  carbonate 16.  731 

Magnesium  carbonate 6. 987 

Magnesium  chloride 11. 200 

Calcium  sulphate 1.826 

Sodium  and  potassium  chlorides 29. 236 

Sodium  and  potassium  carbonates 1. 531 

Total  solids 68.912 

Port  Ludlow  obtains  its  water  supply  from  a  small  creek.  The  water 
is  soft,  of  good  quality,  and  sufficient  for  all  probable  future  needs. 
A  gravity  system  of  waterworks  is  used.  The  water  is  drawn  upon 
for  a  boiler  supply  for  the  Port  Ludlow  mills  as  well  as  the  domestic 
supply  for  the  town. 

KING  COUNTY. 

General  statement, — King  County  is  situated  west  of  the  center  of 
the  State  and  extends  from  the  summit  of  the  Cascades  westward  to 
Puget  Sound.  It  lies  between  Snohomish  County  on  the  north  and 
Pierce  County  on  the  south.  Along  the  shores  of  the  sound  the  sur- 
face is  that  of  a  plain,  rising  to  a  height  of  about  300  feet  above  the 
sea;  east  of  the  plain  are  hills  and  ridges,  the  latter  having  in  general 
a  north-south  direction;  immediately  east  of  this  belt  are  the  moun- 
tains, rising  from  a  height  of  about  3,000  feet  along  their  western 
border  to  an  average  height  of  6,000  feet,  when  the  summit  line  is 
reached.  The  mountains  are  deeply  dissected  by  the  several  forks  of 
Snoqualmie,  Cedar,  Green,  White,  and  other  rivers. 

The  annual  rainfall  varies  from  40  inches  along  the  shores  of  the 
sound  to  more  than  60  inches  within  the  mountains.  About  the  sound 
practically  all  of  the  precipitation  is  in  the  form  of  rain,  but  with 
increase  in  elevation  the  snowfall  becomes  important,  and  in  the 
higher  mountains  the  amount  of  snow  falling  each  year  is  very  large. 
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The  presence  of  snow  and  glaciers  has  an  important  bearing  on  the 
run-off  of  the  streams  from  season  to  season.  Apart  from  its  value 
as  sources  of  municipal  supply,  the  movement  of  so  much  water  from 
higher  to  lower  levels  is  productive  of  great  power.  Already  the 
water  power  of  the  cataracts  and  falls  is  being  harnessed  for  the  use 
of  man.  At  Snoqualmie  Falls,  25  miles  east  of  Seattle,  a  plant  has 
been  installed  which  develops  a  total  of  10,000  horsepower.  Snoqual- 
mie River  at  this  point  has  a  vertical  drop  of  270  feet,  with  a  flow  of 
about  1,000  second-feet  during  the  driest  season  and  about  ten  times 
as  much  during  the  periods  of  high  water. 

The  strata  which  outcrop  about  the  sound  and  eastward  for  a  dis- 
tance of  about  25  miles  are  mainly  clastic  rocks  of  early  Tertiary  age. 
At  many  places  they  are  coal  bearing,  and  important  coal  mines  have 
been  developed  at  Black  Diamond,  Franklin,  Palmer,  Kenton,  New- 
castle, Issaquah,  and  elsewhere.  East  of  the  Tertiary  sediments  are 
the  metamorphic  and  igneous  rocks  of  the  Cascades,  which  in  King 
County  at  least  are  virtually  unstudied.  In  the  vicinity  of  the  sound 
bed  rock  outcrops  but  rarely,  being  covered  by  a  heavy  mantle  of 
glacial  sediments.  At  many  places  this  mantle  is  known  to  be  more 
than  500  feet  in  thickness.  The  glacial  sediments  comprise  beds  of 
till,  with  stratified  sand,  gravel,  and  clay.  From  the  layers  of  sand 
and  gravel  which  are  interstratified  with  the  till  an  abundant  supply 
of  good  water  is  generally  obtained.  The  wells  are  usually  shallow, 
it  being  rarely  necessary  to  go  deeper  than  40  feet.  Springs  are  very 
common  about  the  bases  of  the  hills  or  upon  the  hillsides  where  the 
water-bearing  gravels  and  sands  outcrop. 

Municipal  systems, — ^The  town  of  Auburn  obtains  its  water  supply 
chiefly  from  wells,  which  vary  in  depth  from  40  to  50  feet.  The  wells 
are  sunk  in  the  alluvium  of  the  White  River  Valley,  the  water-bearing 
materials  being  sand  and  gravel.  In  no  instance  has  bed  rock  been 
reached.  In  some  instances  shallow  wells  have  been  used  for  a  little 
time,  but  in  these  the  water  is  not  good.  The  water  from  the  deeper 
wells  is  soft,  is  not  contaminated,  and  is  obtained  in  ample  quantity, 
in  some  instances  rising  to  the  surface.  No  other  supply  of  water  for 
drinking  purposes  is  contemplated,  but  it  is  likely  that  water  for  fire 
protection  will  be  obtained  from  White  River. 

The  city  of  Ballard  obtains  about  300,000  gallons  of  water  daily 
from  springs  and  deep  wells,  about  half  from  each  source.  The 
wells  are  the  more  satisfactory.  While  this  amount  is  ample  for 
present  needs,  it  will  not  be  sufficient  in  the  course  of  time  if  the  city 
continues  its  rapid  growth.  It  is  very  likely  that  in  the  near  future 
the  supply  for  Ballard  will  be  secured  from  the  Cedar  River  system 
owned  by  the  city  of  Seattle.  The  surface  wells  in  Ballard  have 
depths  of  12  to  20  feet,  but  the  wells  used  for  the  municipal  supply 
average  about  160  feet  in  depth.     For  the  most  part  they  penetrate 
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glacial  till  or  hardpan,  the  water-bearing  strata  being  beds  of  sand  and 
gravel.    The  system  of  waterworks  is  direct  pressure. 

A  sanitary  analysis  of  water  from  one  of  the  deep  wells  in  Ballard, 
made  by  Prof.  H.  G.  Byers,  of  the  University  of  Washington,  is  as 
follows: 

SanUary  analym  of  water  from  deep  well  cd  BaUard, 

[Ports  per  million.] 

Total  Bolida... 165.66 

Oxygen  consumed 2. 89 

Chlorine 5.50 

Nitrogen  aa  free  ammonia 874 

Nitrogen  aa  albuminoid  ammonia 100 

Nitrogen  as  nitrites None. 

Nitrogen  as  nitrates 320 

The  municipal  supply  of  water  for  Columbia  City  is  obtained  from 
Seattle.  A  few  private  wells  are  in  use  having  an  average  depth  of 
30  feet.  They  penetrate  glacial  deposits  only  and  from  them  water 
of  good  quality  is  obtained. 

Water  for  the  town  of  Enumclaw  is  furnished  from  the  system  of 
the  White  River  Lumber  Company.  The  water  comes  from  streams 
flowing  out  from  the  Cascade  Mountains,  and  as  there  are  no  sources 
of  contamination  it  is  of  excellent  quality.  A  gravity  system  of 
waterworks  has  been  installed.  It  is  possible  that  i  n  the  future  the  town 
supply  may  be  taken  from  some  springs  located  about  4  miles  away. 
The  springs  are  at  a  height  of  about  270  feet  above  that  of  the  town. 
A  few  wells  are  in  use  about  Enumclaw,  which  have  an  average  depth 
of  30  feet.  The  wells  are  dug  in  glacial  sediments,  a  till  or  hardpan 
lying  above,  with  sand  and  gravel  below.  The  wells  afford  excellent 
water,  the  flow  rising  to  the  surface  in  the  wet  season. 

The  water  supply  for  Issaquah  is  furnished  by  the  Oilman  Water 
Company,  which  owns  large  springs  near  the  town.  The  water  is  of 
good  quality,  there  being  no  sources  of  contamination  except  possibly 
a  little  decaying  vegetable  matter.  The  water  is  conducted  through 
the  town  by  a  gravity  system.  The  few  private  wells  in  Issaquah 
range  in  depth  from  20  to  30  feet,  the  water  coming  from  a  stratum 
of  loose  gravel.  A  large  quantity  of  water  may  be  obtained  in  this 
way,  since  it  rises  almost  to  the  surface  and  is  not  affected  by  pumping. 
North  of  the  town,  toward  Lake  Sammamish,  wells  from  60  to  90 
feet  in  depth  have  been  driven,  from  which  there  is  a  continuous  flow. 
The  water  rises  from  3  to  10  feet  above  the  surface. 

The  town  of  Kent  gets  its  supply  from  springs  which  yield  water  of 
excellent  quality.  While  the  springs  now  drawn  upon  afford  a  supply 
for  present  needs,  the  product  of  other  springs  near  by  will  be  drawn 
upon  in  the  future.  From  the  springs  the  water  is  carried  through- 
out the  town  by  a  gravity  system.     In  the  region  about  Kent  good 
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water  may  be  obtained  by  means  of  driven  wells.  The  wells  when 
driven  to  a  depth  of  200  feet  are  artesian  in  character,  the  water 
rising  about  6  feet  above  the  surface. 

Water  for  Renton  is  obtained  from  a  spring  situated  near  the  town 
limits  and  at  a  height  of  320  'feet  above  the  level  of  the  town.  The 
spring  belongs  to  the  Seattle  Electric  Company,  but  the  town  has  a 
lease  upon  it  for  fifty  years.  The  spring  supplies  120,000  gallons  of 
water  daily,  and  should  this  not  be  sufficient  for  future  needs  water 
may  be  obtained  from  other'springs  or  from  Cedar  River,  which  flows 
through  the  town.  The  water,  besides  being  used  for  domestic  pur- 
poses, affords  fire  protection  and  furnishes  the  necessary  boiler  supply 
for  a  coal  mine  and  a  brickyard.  The  private  wells  in  use  in  Renton 
are  mostly  shallow,  ranging  in  depth  from  10  to  25  feet.  Only  one 
enters  rock,  the  others  obtaining  water  chiefly  from  the  gravels  of  the 
Cedar  River  flood  plain. 

The  city  of  Seattle  obtains  its  supply  of  water  from  Cedar  River 
and  Cedar  Lake.  The  source  of  supply  is  in  the  Cascade  Mountains, 
the  water  coming  to  the  reservoir  directly  from  the  snow  fields.  The 
water  is,  therefore,  soft,  clear,  and  of  superior  quality.  The  city 
owns  Cedar  Lake  and  a  large  portion  of  Cedar  River.  The  available 
water  supply  averages  about  600,000,000  gallons  per  day.  There  are 
now  piped  to  the  city  22,500,000  gallons  daily.  Other  supply  mains 
will  be  constructed  whenever  they  are  found  to  be  necessary. 

A  sanitary  analysis  of  the  city  water  of  Seattle,  made  by  Prof. 
H.  G.  Byers,  of  the  University  of  Washington,  on  April  27,  1901, 
gave  the  following  results: 

Sanitary  analysis  of  city  water  of  Seattle, 

[Parts  per  million.] 

Total  Bolide 36.49 

Oxygen  consumed 1. 26 

Chlorine 1.60 

Nitrogen  as  free  ammonia 008 

Nitrogen  as  albmninoid  ammonia Trace. 

Nitrogen  as  nitrites None. 

Nitrogen  as  nitrates None. 

West  Seattle  obtains  water  from  private  wells  and  from  some  springs 
owned  by  the  West  Seattle  Land  and  Improvement  Company.  The 
water  is  pumped  into  tanks,  from  which  it  is  distributed  by  gravity. 
The  supply  even  at  the  present  time  can  hardly  be  said  to  be  sufficient, 
and  it  is  likely  that  arrangements  will  soon  be  made  whereby  water 
may  be  obtained  from  the  Seattle  system.  The  wells  about  West 
Seattle  range  in  depth  from  30  to  75  feet,  water  being  most  commonly 
found  at  about  50  feet.  The  wells  are  dug  entirely  in  glacial  material, 
mostly  sand  and  graveL 
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Springs, — Near  the  town  of  Berlin,  in  the  northeastern  part  of  the 
county,  there  is  a  mineral  spring  owned  by  the  Everett  Bottling 
Works.  The  water  flows  out  as  a  stream  from  the  base  of  a  mountain 
of  granitic  rock.  The  flow  is  uniform  from  season  to  season.  The 
quantity  flowing  has  never  been  measured.  The  water  has  a  taste  of 
soda.  No  improvements  of  any  character  have  been  made  at  the 
spring,  and  so  far  no  use  has  been  made  of  the  water.  It  is  probable 
that  in  the  near  future  a  hotel  will  be  built  at  the  spring  and  other 
improvements  made. 

An  analysis  of  water  from  the  Berlin  springs,  made  by  H.  G.  Knight, 
of  the  University  of  Washington,  is  as  follows: 

AnalysiB  of  water  from  Berlin  springs, 

[Parts  per  thousand.] 

Solids,  nonvolatile 0.5473 

SiUca 0078 

Alumina  and  iron  oxide 0150 

Calcium  sulphate 0529 

Calcium  carbonate 5627 

Ma^esium  chloride 1693 

Magnesium  sulphate 0935 

Sodium  sulphate 9331 

Potassium  chloride 0267 

Carbon  dioxide 1.4720 

Near  the  town  of  Issaquah,  at  the  head  of  a  short,  deep  valley,  is  a 
large  spring  from  which  the  water  supply  for  the  town  of  Issaquah  is 
taken.  The  flow  has  not  been  measured,  but  there  is  suflScient  water 
for  a  town  of  1,000  inhabitants.  The  water  is  very^  clear,  cold,  and 
has  a  pleasant  taste.  It  issues  as  a  stream  from  a  bed  of  gravel. 
No  improvements  have  been  made  at  the  spring,  and  none  are  con- 
templated.   The  spring  is  owned  by  the  Gilman  Water  Company. 

Along  the  valley  side,  at  the  base  of  a  steep  hill  near  Kent,  is  a 
large  spring  from  which  the  town  supply  of  water  is  largely  taken. 
The  daily  flow  varies  from  500,000  gallons  in  winter  to  350,000  gallons 
in  summer.  The  water  is  not  appreciably  charged  with  minerals,  and 
is  very  clear  and  cold  when  it  leaves  the  spring.  It  issues  as  a  stream 
from  a  bed  of  gravel  which  is  a  part  of  the  glacial  sediments.  At  the 
spring  a  reservoir  is  now  being  built  for  storage  purposes. 

The  Great  Northern  Hot  Springs  are  located  near  Madison,  in  the 
northeast  corner  of  the  county.  Near  the  Great  Northern  Railway, 
a  mile  from  the  springs,  the  Hot  Springs  Hotel  has  been  built,  with 
accommodations  for  50  guests.  The  water  is  piped  to  the  hotel,  where 
it  is  used  for  drinking  purposes  and  for  baths.  The  water  has  been 
found  to  be  very  helpful  for  rheumatism  and  for  kidney  diseases. 
The  water  seeps  out  from  the  talus  rock,  and  has  a  temperature  of 
122^  F. 
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The  following  analysis  of  water  from  the  Great  Northern  Hot 
Springs  was  made  by  C.  Osseward,  chemist  for  the  Stewart  &  Holmes 
Drug  Company,  Seattle: 

Analysis  ofvxUerfrom  the  Great  Northern  Hot  Springs, 

[(irains  per  gallon.] 

Total  BoUda -. 9.9 

Chlorine 87 

Iron 76 

Lime 2.33 

Magnesia 1.1 

Silica 1.34 

Sodium 1.63 

Potassiam 34 

Sulphuric  anhydride 52 

Ammonia 00058 

On  a  hillside  near  Renton  there  is  a  spring  issuing  from  a  bed  of 
gravel.  The  flow  is  about  120,000  gallons  daily.  The  quantity  varies, 
with  the  season,  being  about  one-fourth  less  in  a  very  dry  season  than 
in  a  wet  one.  The  water  does  not  carry  any  sediment,  is  very  clear, 
and  has  a  pleasant  taste.     It  is  used  as  a  town  supply  by  Renton. 

KITSAP  COUNTY. 

General  statement. — Kitsap  County  is  situated  east  of  JeflTerson  and 
Mason  counties,  west  of  King  C!ounty,  and  north  of  Pierce  County. 
It  is  almost  surrounded  by  the  arms  or  inlets  of  Puget  Sound.  With 
the  exception  of  a  range  of  hills  in  the  southwestern  part  of  the  county, 
along  Hood  Canal,  the  surface  is  that  of  a  plain  lying  but  little  above 
the  sea.  The  coast  line  is  very  deeply  indented  and  irregular,  abound- 
ing in  fine  bays  and  harbors. 

The  rainfall  gradually  decreases  from  60  inches  per  year  in  the 
southwestern  part  to  30  inches  in  the  northeastern  part.  It  is  suffi- 
cient to  give  rise  to  the  very  many  small  streams  which  are  to  be 
found  throughout  the  count}^  and  also  to  produce  a  very  dense  forest 
growth. 

Over  the  major  portion  of  Kitsap  County  the  mantle  of  glacial  sedi- 
ments b  very  heavy,  so  that  the  bed  rock  does  not  often  appear  at  the 
surface.  The  wells  for  the  most  part  penetrate  the  glacial  niaterials 
only,  and  from  the  latter  a  satisfactory  supply  of  good  water  is  obtained. 
As  elsewhere  within  the  glaciated  area,  springs  are  very  common  and 
are  often  utilized. 

Municipal  systems. — Bremerton  obtains  its  water  supply  to  a  limited 
d^ree  from  wells,  but  for  the  most  part  from  a  stream  which  is  fed 
by  springs.  In  this  way  is  obtained  a  supply  of  very  good  water, 
which  is  free  from  any  contamination.     The  quantity  will  be  ample 
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for  a  long  time  to  come.  Gravity  is  the  system  employed.  The  pri- 
vate wells,  as  a  rule,  are  shallow  and  are  sunk  altogether  in  glacial 
till,  the  water  flowing  from  intercalated  beds  of  sand  and  gravel. 

An  analysis  of  water  from  a  spring  near  Bremerton,  made  by  H.  G. 
Knight,  of  the  University  of  Washington,  is  as  follows: 

Analym  of  water  from  spring  near  Bremerton, 

[Parts  per  thoufland.] 

Nonvolatile  solids 0.45194 

Silica 01334 

Alumina  and  iron  oxides 04764 

Calcium  sulphate 046385 

Magnesium  chloride 04008 

Magnesium  sulphate 07790 

Sodium  sulphate • 23686 

Lithium  sulphate 02128 

The  source  of  supply  for  Charleston  is  found  in  some  springs  and 
creeks  west  and  south  of  the  town.  From  these  the  water  is  carried 
to  the  town  in  wooden  pipes.  It  is  of  good  quality,  and  a  quantity 
ample  for  present  and  future  needs  is  easily  obtained.  The  private 
wells  about  Charleston  range  in  depth  from  20  to  150  feet.  These 
wells  have  been  put  down  in  glacial  sediments  and  the  water  level 
rises  and  falls  with  the  tide  in  the  inlet  near  by. 

The  water  supply  for  Port  Blakeley  comes  primarily  from  a  stream 
in  the  adjoining  hills.  A  reservoir  has  been  made,  and  from  this,  by 
means  of  gravity,  the  water  is  conducted  to  the  town.  There  is  a  cer- 
tain amount  of  decaying  vegetable  matter  in  the  reservoir,  and  this 
causes  some  contamination  of  the  water;  otherwise  the  water  is  good, 
and  sufficient  in  quantity  to  serve  the  town  probably  for  a  long  time 
in  the  future.  Besides  this  method  of  obtaining  water,  cisterns  and 
wells  are  used  to  a  small  degree.  These  wells  have  a  depth  ordinarily 
of  about  70  feet.  Most  of  them  are  wholly  in  the  glacial  till,  but  some 
of  them  penetrate  rock  altogether,  the  water-bearing  stratum  in  the 
latter  case  being  a  conglomerate. 

Some  small  streams  near  Port  Gramble  are  drawn  upon  for  the  water 
supply  of  that  town.  From  reservoirs  along  these  streams  the  water 
is  distributed  to  the  town  by  a  gravity  system.  About  150,000  gal- 
lons of  water  are  obtained  daily,  an  amount  sufficient  for  the  present 
and  the  future.  The  water  is  soft  and  of  good  quality,  no  sources  of 
contamination  being  present.  Besides  its  use  for  domestic  purposes, 
it  is  employed  to  a  large  extent  as  a  boiler  supply. 

KITTITAS  COUNTY. 

General  staieinent, — Kittitas  County  lies  near  the  center  of  the 
State,  between  Chelan  County  on  the  north  and  Yakima  County  on 
the  south,  and  extends  from  the  summit  of  the  Cascades  eastward  to 
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Colambia  River.  From  the  Cascade  divide,  which  has  a  general 
height  of  about  6,000  feet  above  the  sea,  the  country  descends  south- 
eastward to  a  minimum  elevation  of  600  feet.  In  the  northwestern 
part  of  the  county  the  surface  exhibits  the  usual  ruggedness  of  the 
higher  and  wilder  parts  of  the  Cascades.  The  highest  peak  here, 
Mount  Stuart,  has  an  elevation  of  9,470  feet. 

The  rainfall  in  Kittitas  County  varies  widely  because  of  the  great 
difference  in  elevation  from  point  to  point.  In  the  high  mountains 
the  precipitation  is  from  50  to  60  inches  a  year.  It  decreases  east- 
ward until  it  becomes  less  than  15  inches  at  Ellensburg  and  less  than 
10  inches  in  the  vicinity  of  Columbia  River.  Naturally,  the  charac- 
ter of  the  vegetation  is  greatly  modified  by  the  wide  variation  in  the 
amount  of  rainfall.  The  higher  mountains  as  a  rule  are  heavily  for- 
ested, while  the  plateaus  are  sparsely  covered  with  trees.  In  lower 
altitudes  the  trees  give  way  to  the  bunch  grass,  which  is  in  turn 
superseded  by  sagebrush  on  the  still  lower  levels.  The  abundant 
rainfall  of  the  mountains  gives  rise  to  many  fine  streams,  which  afford 
water  alike  for  the  use  of  cities  on  the  plains  below  and  for  the  irri- 
gation of  orchards  and  alfalfa  fields. 

The  southeastern  part  of  the  county  is  largely  covered  by  Miocene 
basalts.  In  the  neighborhood  of  Ellensburg  are  remnants  of  a  sand- 
stone formation  which  represents  the  sediments  of  a  middle  Tertiary 
lake  of  unknown  extent.  The  geology  is  somewhat  complex,  as  both 
sedimentary  and  volcanic  rocks  of  Eocene  and  Miocene  age  are  found. 
The  sedimentary  beds  are  lacustrine,  and  consist  chiefly  of  sandstone 
and  shale.  In  one  of  the  Eocene  sedimentary  formations  round  about 
the  towns  of  Roslyn  and  Clealum,  seams  of  coal  of  great  economic 
value  have  been  found,  and  here  are  the  largest  coal  mines  in  the 
State.  In  the  vicinity  of  Mount  Stuart,  near  the  southern  border  line 
of  the  county,  there  are  large  areas  of  pre-Tertiary  rocks  of  a  complex 
nature  geologically,  in  which  there  are  granites,  granodiorites,  ser- 
pentines, slates,  and  schists. 

Municipal  8}/8tems.—The  water  supply  for  Clealum  comes  frooi 
mountain  springs  about  3  miles  southwest  of  town.  The  springs  are 
180  feet  above  the  town,  thus  giving  a  good  head  and  making  it  easy 
to  distribute  the  water  throughout  the  town  by  a  gravity  system. 
For  the  first  mile  from  the  springs  a  10-inch  pipe  was  laid,  for  the 
next  mile  an  8-inch  pipe,  and  for  the  third  mile  a  6-inch  pipe.  The 
water  pressure  in  the  town  is  from  90  to  100  peunds  per  square  inch. 
The  amount  of  water  obtained  is  believed  to  be  ample  for  a  city  of 
20,000  inhabitants.  Should  this  supply  ever  fail,  water  in  great  abun- 
dance may  be  obtained  from  Yakima  River,  a  clear  mountain  stream 
which  flows  through  a  part  of  the  town.  Clealum  owns  160  acres  of 
land  about  the  springs,  thus  effectually  preventing  contamination. 
Some  time  ago  an  effort  was  made  to  obtain  artesian  water.    A  well 
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was  drilled  in  Clealutn  to  a  depth  of  800  feet  without  striking  watei*. 
The  water  supply  of  the  town  is  used  for  irrigating  as  well  as  domestic 
purposes. 

Ellensburg  obtains  water  from  streams  which  flow  out  from  the 
foothills  of  the  Cascades.  The  water  obtained  in  this  way,  however, 
is  not  of  the  best  quality  and  is  barely  suflicient  for  present  needs. 
An  unusual  demand  is  made  upon  the  supply,  for  a  large  amount 
of  water  is  used  for  irrigation  as  well  as  for  domestic  purposes. 
The  private  wells  which  are  in  use  range  in  depth  from  10  to  20  feet. 
They  are  essentially  surface  wells,  not  entering  the  rock  at  all,  but 
obtaining  water  from  beds  of  gravel.  The  well  water,  as  a  rule,  is 
hard  and  contains  alkali.  The  water  level  in  the  wells  varies,  the 
water  rising  to  the  surface  when  the  soil  is  thoroughly  saturated  as  the 
result  of  excessive  irrigation. 

For  its  town  supply  Roslyn  obtains  water  from  Clealum  River,  a 
mountain  stream  yielding  water  of  excellent  quality.  This  supply  is 
so  satisfactory  that  no  dependence  is  placed  upon  wells,  cisterns,  or 
other  sources. 

KlilCKITAT  COUNTY. 

Oeneral  statement. — Klickitat  County  is  situated  on  the  southern 
border  of  the  State,  with  Columbia  River  on  the  south,  Yakima  County 
on  the  north,  and  Skamania  County  on  the  west.  The  western  part 
of  the  county  is  within  the  Cascades,  and  is  therefore  very  rugged. 
The  topography  of  the  central  part  is  that  of  a  broad  plateau  sloping 
from  the  north  toward  Columbia  River.  The  topography  of  the  east- 
ern end  of  the  county  is  that  of  a  plain  rising  but  little  above  the  level 
of  the  river.  , 

In  the  western  portion  of  the  county  the  annual  rainfall  is  from  5^0 
to  35  inches,  in  the  vicinity  of  Goldendale  it  is  15  or  20  inches,  whrle 
in  the  eastern  end  of  the  county  it  is  only  about  10  inches.  As  a  conse- 
quence of  the  unequal  distribution  of  rainfall,  the  western  portion  f)f 
the  county  is  a  region  of  forests  and  streams;  the  central  part  has  a  very 
sparse  forest  growth  and  few  streams,  but  at  the  same  time  is  one  of 
the  best  wheat-growing  districts  in  the  State;  and  the  eastern  part 
is  treeless  and  virtually  without  streams,  so  that  agriculture  can  be 
carried  on  only  by  means  of  irrigation. 

With  the  possible  exception  of  the  extreme  western  end,  all  of  the 
county  may  be  said  to  be  covered  by  Columbia  River  lava.  The  bed 
rock  is  basalt.  As  far  as  known,  no  deep  wells  have  been  drilled  into 
it,  as  in  other  parts  of  the  State,  to  determine  whether  or  not  it  is 
water  bearing.  That  it  is  water  bearing  is  largely  proved  by  the  fact 
that  in  a  number  of  places  springs  issue  from  the  outcrops  of  porous 
basaltic  rock.    The  springs  in  some  instances  have  a  temperature  con- 
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siderably  above  that  of  the  surrounding  atmosphere.  In  some  cases 
also  they  may  be  classed  as  mineral  springs,  and  are  believed  to  have 
medicinal  qualities  as  well. 

Municipal  systems, — The  water  for  Goldendale  is  piped  from  a  spring 
on  the  southern  slope  of  Simcoe  Mountain,  12  miles  to  the  north. 
The  supply  is  sufficient  for  present  needs,  but  will  probably  have  to 
be  increased  in  the  future.  Other  good  springs  are  conveniently 
near,  and  the  water  from  these  can  be  easily  utilized.  The  water  is 
soft  and  uncontaminated.  The  spring  is  located  at  a  sufficient  height 
above  the  city  to  give  a  good  head  of  water.  A  few  wells  are  used, 
ranging  in  depth  from  12  to  75  feet.  Most  of  the  wells  are  shallow, 
water  being  most  commonly  found  at  20  feet  in  beds  of  gravel. 
From  the  wells  a  large  amount  of  water  may  be  obtained.  The  water 
level  shows  but  little  change  from  season  to  season,  and  is  affected  by 
pumping  only  in  a  slight  degree.  In  Goldendale  a  large  amount  of 
water  is  used  in  irrigation. 

Springs. — On  Government  land  in  T.  6  N.,  R.  13  E.,  there  is  a  large 
spring,  or  rather  a  group  of  springs.  At  these  springs  the  water 
flows  out  in  a  stream  from  basaltic  rock.  The  springs  are  located  at 
the  base  of  a  bluff  rising  from  the  valley  of  Klickitat  River.  The 
flow  is  large,  there  being  no  perceptible  variation  from  season  to 
season.  The  water  is  clear  and  odorless,  but  it  has  an  unpleasant 
taste.  It  has  a  temperature  of  76°  F.  Bubbles  of  gas  are  constantly 
escaping  from  the  water.  It  has  been  used  to  a  limited  degree  for 
medicinal  purposes. 

On  Big  Klickitat  River  in  T.  4  N.,  R.  14  E.,  is  a  spring  which  is  con- 
sidered to  have  special  medicinal  properties.  By  the  internal  use  of 
the  water,  stomach  and  kidney  diseases  are  benefited,  and  rheumatism 
is  helped  by  bathing  in  the  water.  The  spring  issues  as  a  stream 
from  basaltic  rock.  It  has  a  temperature  of  100°  F.  There  is  a 
slight  film  on  its  surface  and  it  carries  a  little  sediment.  It  has  a 
sti-ong  mineral  taste  and  is  charged  with  gas,  iron,  and  sulphur. 
Deposits  of  iron  oxide  are  made  along  the  stream  as  it  flows  away 
from  the  spring.  It  is  planned  to  make  a  health  resort  at  this  spring, 
and  a  hotel  and  bath  house  are  in  process  of  construction.  An  analy- 
sis of  the  .water,  made  by  Prof.  H.  G.  Byers  of  the  University  of 
Washington,  is  as  follows: 

Analysis  of  spring  water  from  near  Big  Klickitat  River. 

[Parts  per  million.] 

Total  solids 758.  7 

Nonvolatile  solids 569. 2 

Volatile  solids 1 89. 5 

Silica 85.5 

Ferric  oxide  and  alumina '. 104. 9 

Calcium  carbonate 129. 6 
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Magnesium  carbonate 184. 8 

Calcium  sulphate 4. 5 

Sodium  chloride 10. 1 

Potassium  chloride 22. 3 

Potassium  sulphate 27. 5 

Free  carbon  dioxide 706. 0 

liEWIH  COUNTY. 

General  statem^ent, — Lewis  County  is  in  the  southwestern  pait  of 
the  State  and  extends  from  the  summit  of  the  Cascades  to  Pacific 
County  on  the  west,  with  Chehalis,  Thurston,  and  Pierce  counties  on 
its  northern  border,  and  Wahkiakum,  Cowlitz,  and  Skamania  counties 
on  the  south.  The  county  has  a  very  diversified  topography.  The 
western  end  of  it  lies  within  the  Coast  Range,  where  the  highest  hills 
or  mountains  are  from  2,000  to  3,000  feet  in  height.  East  of  the 
Coast  Eange  is  a  broad  north-south  valley  which  is  in  reality  a  part  of 
the  Puget  Sound  basin.  East  of  this  great  valley  rise  the  mountains 
of  the  Cascades,  reaching  heights  of  6,000  or  6,000  feet  on  the  main 
divide.  The  mountains  have  been  greatly  dissected  by  the  streams, 
and  some  of  the  valleys,  notably  that  of  Cowlitz  River,  are  very  broad 
and  deep. 

The  rainfall  is  heaviest  in  the  western  part  of  the  county,  where  it 
averages  70  inches  per  year.  It  decreases  eastward  until  in  the 
neighborhood  of  Chehalis  and  Centralia  it  is  60  inches.  In  the  moun- 
tains of  the  eastern  part  of  the  county  the  average  yearly  rainfall  is 
60  inches.  This  heavy  rainfall  gives  rise  to  a  very  large  number  of 
streams  and  produces  a  luxuriant  forest  growth  which  is  equal  to  any 
found  elsewhere  in  the  State. 

The  eastern  part  of  the  county,  or  that  within  the  Cascades,  is  practi- 
cally unknown  geologically.  There  are  a  few  small  areas  of  coal- 
bearing  sandstones  and  shales  lying  along  the  upper  Cowlitz  River  and 
in  the  region  about  Cowlitz  Pass.  The  geology  of  the  western  two- 
thirds  of  the  county  has  been  studied  to  some  extent,  and  as  far  as 
known  the  rocks  are  of  Ek)cene  age.  Fossils  of  marine  Eocene  types 
occur  in  great  abundance  along  the  Cowlitz  in  the  vicinity  of  Little 
Falls.  The  sedimentary  rocks  are  mainly  sandstones  and  shales  and 
are  coal  bearing  at  a  number  of  places,  notably  about  Chehalis  and 
Centralia,  in  the  vicinity  of  Alpha  and  Cinebar,  and  near  Morton. 
Upon  the  sedimentary  rocks  in  most  places  a  deep  soil  has  formed, 
and  within  this  water  is  obtained  with  ease  by  means  of  shallow  wells. 
Springs  are  common  upon  the  hillsides,  and  they  may  be  regarded  as 
important  sources  of  good  water.  The  amount  of  surface  water  to  be 
had  is  so  very  large  that  it  is  not  probable  that  recourse  to  deep  wells 
will  ever  be  necessary.  The  stiiicture  of  the  sedimentary  rocks  is 
such  that  they  undoubtedly  contain  ai*tesian  basins,  which  may  be 
tapped  whenever  the  need  arises. 
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Municipal  systems. — The  water  for  Centralia  is  obtained  partly  from 
wells  and  partly  from  Skookumchuck  River.  From  neither  of  these 
is  very  good  water  obtained,  and  some  other  source  must  be  sought 
out.  The  wells  range  in  depth  from  20  to  80  feet.  Water  is  most 
commonly  found  at  about  18  feet,  in  beds  of  gravel,  but  as  these  beds 
are  not  overlain  by  clay  or  other  impervious  material,  contamination 
from  the  surface  is  not  prevented.  From  these  wells  a  large  supply 
of  water  may  be  obtained.  The  water  level  varies  but  little  during 
the  year,  being  somewhat  lower  in  the  dry  season. 

The  water  supply  for  Pe  Ell  is  obtained  mostly  from  wells,  although 
a  few  families  derive  their  supply  from  springs.  The  spring  water  is 
satisfactory,  but  the  same  can  hardly  be  said  of  the  wells.  The  latter 
are  very  shallow  and  contamination  from  the  surface  is  very  easy. 
The  well  water  comes  from  gravel  and  rises  to  the  surface  in  some 
ca^es.  A  large  supply  of  water  is  had,  the  water  level  scarcely  vary- 
ing during  the  year. 

UrSCOJSS  COUNTY. 

General  stdtettient. — Lincoln  County  is  in  the  eastern  part  of  the 
State  and  is  bounded  on  the  east  by  Spokane  County,  on  the  west  by 
Douglas  County,  on  the  south  by  Adams  County,  and  on  the  north  by 
Columbia  and  Spokane  rivers.  The  surface  is  that  of  a  plateau  having 
a  general  height  of  about  1 ,500  feet  above  sea  level.  On  the  north 
tjie  plateau  slopes  very  abruptly  to  the  canyon  of  the  Columbia,  while 
on  the  south  there  is  a  gentle  slope  toward  Crab  Creek.  Low,  rolling 
hills  octmr  here  and  there. 

The  yearly  rainfall  varies  from  10  inches  in  the  western  half  to  15 
inches  in  the  eastern  portion.  This  is  too  small  to  permit  of  forest 
growth  and  hence  the  county  was  formerly  a  prairie  region  clothed 
with  grasses.  The  bunch  grass  now,  however,  has  largely  given  way 
to  wheat  fields,  and  the  county  produces  each  year  an  increasing  amount 
of  grain.  The  streams  are  in  the  main  of  the  intermittent  type,  there 
being  but  very  few  that  are  of  a  permanent  character.  The  small 
streams  are  active  in  the  runways  during  the  winter  and  spring  months 
only  and  disappear  with  the  coming  of  summer. 

With  the  exception  of  the  outcrops  of  granite  in  the  vicinity  of 
Columbia  and  Spokane  rivers  the  bed  rock  is  altogether  basalt.  The 
basalt  has  within  it  porous  layers  which  become  filled  with  water,  thus 
forming  important  reservoirs.  In  the  ravines  and  *' coulees"  the 
porous  basalt  often  outcrops  and  gives  origin  to  springs  which 
afford  an  ample  quantity  of  water  for  general  house  and  farm  use. 
As  a  rule,  the  springs  are  active  all  the  year,  and  in  some  instances  have 
a  flow  sufficient  for  use  as  a  municipal  supply.  In  cases  where 
springs  have  not  been  available  wells  have  been  dug  in  the  basalt,  and 
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whenever  the  porous  rock  was  encountered  ample  supplies  of  water 
were  obtained.     Ordinarily  the  wells  vary  in  depth  from  25  to  50  feet. 

Municipal  systems, — Water  for  Davenport  is  obtained  from  springs 
near  the  town.  The  supply  is  sufficient  for  present  needs,  but  it  is 
probable  that  it  will  have  to  be  increased.  The  water  is  of  good 
quality  and  there  are  no  sources  of  contamination.  A  gravity  system 
of  waterworks  is  used.  The  wells  in  the  region  vary  in  depth  from 
20  to  60  feet,  the  water  being  most  commonly  found  at  30  feet.  The 
wells  enter  the  rock,  and  a  layer  of  clay  at  the  surface  prevents  any 
contamination  from  that  direction.  No  flowing  wells  have  been  found, 
but  a  large  supply  of  water  is  obtained  from  the  common  wells.  The 
water  level  does  not  vary  during  the  year  and  is  not  affected  by  pump- 
ing.    Much  water  is  used  in  irrigation  as  well  as  for  domestic  purposes. 

Harrington  obtains  its  water  from  wells,  although  springs  are  used 
to  some  extent.  The  wells  vary  in  depth  from  30  to  100  feet.  Water 
is  most  commonly  found  at  about  35  feet.  All  of  the  wells  enter 
basalt.  The  water  usually  rises  to  within  20  feet  of  the  surface,  where 
it  stands  constant  the  year  round.  It  is  of  good  quality,  but  will 
doubtless  be  insufficient  for  future  demands.  The  water  is  pumped 
into  a  standpipe  and  distributed  by  gravity. 

The  supply  for  Sprague  is  obtained  in  part  from  a  spring  and  in 
part  from  wells.  At  the  spring  the  water  issues  from  basaltic  rock 
and  varies  much  in  quantity  from  season  to  season.  During  the  dry 
season  the  supply  from  the  spring  becomes  insufficient  and  the  wells 
are  relied  upon.  The  supply  from  the  wells  seems  to  be  inexhaustible 
and  constant  pumping  makes  no  impression  on  the  water  level.  The 
water  from  the  spring  is  distributed  by  gravity,  while  the  well  water 
is  obtained  by  pumping.  From  these  sources  excellent  water  is  obtained 
in  quantities  believed  to  be  sufficient  for  all  future  needs.  The  private 
wells  of  the  region  vary  in  depth  from  20  to  40  feet.  Water  is  com- 
monly found  at  a  depth  of  20  feet.  These  wells  do  not  enter  rock,  but 
are  wholly  in  surface  material.  The  water-bearing  materials  are  sand 
and  gravel.  The  wells,  although  shallow,  afford  a  large  quantity  of 
water,  the  level  being  lowered  only  in  a  long,  dry  season. 

Water  for  Wilbur  is  obtained  from  Goose  Creek,  which  has  its  source 
in  two  large  springs,  and  also  from  some  wells.  The  water  is  of  good 
quality,  and  ample  in  quantity  for  present,  and  future  needs.  A 
gravity  system  of  waterworks  has  been  installed.  The  wells  are  all 
very  shallow,  the  usual  depth  being  about  12  feet.  They  enter  the 
basaltic  rock  which  underlies  the  town.  Contamination  from  the  sur- 
face is  prevented  by  a  layer  of  clay.  The  wells,  although  shallow,  are 
relied  upon  for  the  domestic  supply,  and  the  water  from  the  springs 
is  used  largely  in  irrigation. 

Sprmgs. — ^In  sec.  21,  T.  25  N.,  R.  37  E.,  near  the  town  of  Daven- 
port, there  is  a  large  spring  from  which  about  360,000  gallons  of 
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water  flow  daily.  This  supply  is  fairly  constant,  although  slightly  less 
in  summer.  The  water  is  clear  and  cold  and  has  a  pleasant  taste.  It 
issues  as  a  stream  from  the  rock.  It  is  used  as  a  water  supply  for  the 
town  of  Davenport. 

Near  Davenport,  on  the  farm  of  J.  E  Ludy,  there  is  a  spring  which 
is  located  in  the  bottom  of  a  deep  draw  or  gulch.  The  water  comes 
out  as  a  stream,  and  in  quantity  sufficient  to  supply  about  15  families. 
It  is  slightly  alkaline,  but  there  are  no  deposits  of  mineral  matter  or 
sediment  about  the  spring.     The  water  has  a  temperature  of  about  45°  F. 

Near  Harrington,  in  sec.  34,  T.  23  N.,  R.  36  E.,  there  is  a  spring 
owned  by  J.  L.  Ball.  The  water  issues  from  the  rock  at  the  base  of  a 
bluff.  It  is  clear  and  of  a  very  good  quality.  It  is  used  for  a  general 
farm  supply. 

L.  T.  Luper  owns  2  springs  near  Harrington,  in  sees.  1  and  9,  T.  23 
N.,  R.  36  E.  The  spring  in  section  1  flows  about  23,000  gallons  per 
day,  and  the  one  in  section  9  about  28,000  gallons  per  day.  Neither 
spring  shows  any  variation  in  flow  from  season  to  season,  and  in  both 
the  water  is  clear,  of  good  quality,  and  apparently  not  mineral  bearing. 
In  each  case  the  water  issues  as  a  stream.  The  water  is  used  as  a 
house  supply  and  in  watering  stock. 

Near  Sherman,  in  sec.  25,  T.  29  N.,  R.  33  E.,  H.  B.  Fletcher  owns 
a  spring  which  appears  as  a  stream.  The  spring  is  located  in  a  valley. 
The  flow  is  very  large  and  is  constant  from  season  to  season.  The 
water  as  it  issues  is  cold,  clear,  and  of  a  superior  qualit3\  It  is  used 
by  the  farmers  for  their  stock,  but  it  has  been  proposed  to  pipe  the 
water  to  Wilbur  as  a  supply  for  that  town. 

MASON  COUNTY. 

General  statement. — ^Mason  County  lies  in  the  western  part  of  the 
State,  being  separated  from  the  Pacific  Ocean  by  Chehalis  County, 
which  borders  it  on  the  west.  It  is  bounded  on  the  north  and  north- 
east by  Jefferson  and  Kitsap  counties,  and  on  the  southeast  and  south 
by  Pierce  and  Thurston  counties.  The  northwestern  portion  of  the 
county  extends  into  the  Olympic  Mountains,  and  hence  is  very  rugged 
and  broken  in  character.  Most  of  the  remaining  part  of  the  county 
is  very  hilly,  the  only  portions  that  are  level  to  any  degree  being  those 
immediately  about  Hood  Canal  and  other  inlets  of  Puget  Sound.  The 
streams  which  come  from  the  mountains  flow  in  canyons,  and  the  inter- 
stream  divides  are  very  sharp. 

The  yearly  rainfall  is  very  heavy,  ranging  from  85  inches  on  the 
western  border  to  60  inches  in  the  extreme  eastern  portion.  As  one 
result  of  the  copious  rainfall  there  is  a  heavy  forest  growth,  the  for- 
ests of  Mason  County  being  regarded  as  among  the  best  in  the  State. 
In  the  southeastern  part  of  the  county,  the  only  portion  which  is  set- 
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tied  to  any  extent,  water  for  domestic  purposes  is  obtained  very  largely 
from  the  glacial  deposits,  which  are  here  very  thick.  As  a  rule  the 
wells  are  shallow,  water  being  obtained  at  depths  varying  from  10  to 
25  feet.  With  the  abundant  rainfall  and  the  heavy  mantle  of  uncon- 
solidated surface  materials  it  is  not  surprising  that  springs  are  very 
common.  The  water  issues  from  the  springs  in  the  form  of  streams, 
and  usually  in  sufficient  quantities  to  afford  town  supplies. 

Municipal  systems. — The  water  suppl}"  for  Shelton,  a  town  of  about 
1,000  people,  is  obtained  from  some  large  springs,  and  will  doubtless 
prove  inadequate  when  the  population  of  the  town  is  doubled,  but 
there  are  other  large  springs  located  conveniently  near  which  may  be 
utilized.  The  water  is  soft  and  pure  and  very  satisfactory  for  domes- 
tic purposes.  A  gravity  system  of  waterworks  is  used.  In  the  region 
about  Shelton  there  are  a  good  many  wells  from  which  excellent  water 
is  obtained.  In  some  instances  the  water  rises  to  the  surface,  and  the 
water  level  is  not  distinctly  lowered  except  in  September,  the  month 
of  the  least  rainfall.  The  wells  are  as  a  rule  driven  wells,  the  mate- 
rials penetrated  being  gliacial  till,  sand,  and  gravel.  The  wells  are 
shallow,  varying  from  10  to  25  feet  in  depth.  The  water-bearing 
material  is  overlain  by  hardpan,  so  that  there  is  no  contamination  from 
the  surface. 

Springs. — As  noted  above,  the  town  of  Shelton  obtains  its  water 
supply  from  two  springs  located  in  sec.  12,  T.  20  N.,  R.  4  W.  The 
flow  has  not  been  measured,  but  it  is  ample  for  all  present  demands. 
The  springs  issue  as  streams  from  gravel  beds  which  outcrop  on  a 
hillside  above  the  town.  The  water  contains  a  small  amount  of  iron, 
but  there  are  no  deposits  of  minei^al  matter  about  the  springs. 

At  other  places  about  Shelton,  notably  in  sec.  18,  T.  20  N.,  R.  3  W., 
and  in  sec.  13,  T.  20  N.,  R.  4  W.,  are  other  springs  which  supply  large 
quantities  of  water.  They  issue  from  gravel  beds  at  the  base  of  a 
bluff  about  150  feet  high.  From  the  top  of  the  bluff  a  gravel  terrace 
extends  for  several  miles.  Lying  upon  this  terrace,  near  the  springs, 
there  are  several  lakes,  and  it  has  been  suggested  that  the  lakes  are 
the  sources  of  the  spring  water. 

OKANOGAN  COITNTT. 

General  statement, — Okanogan  County  extends  from  the  British 
Columbia  line  to  Columbia  River,  and  from  Ferry  County  on  the  east 
to  Chelan  and  Whatcom  counties  on  the  west.  This  large  county  pre- 
sents a  great  diversity  of  surface,  and  within  it  are  rugged  mountains, 
rolling  hills,  and  broad  plateaus  which  merge  into  plains.  The  western 
portion  of  the  county  is  a  region  of  high  mountains  and  deep  valleys. 
Between  Methow  and  Okanogan  rivers  is  a  bold  mountain  ridge  which 
has  a  north-south  course.     Along  the  eastern  border  line  of  the  county 
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there  is  likewise  a  mountain  ridge,  with  a  north-south  course  and  a 
general  height  of  about  4,000  feet  above  the  sea.  Along  the  southern 
border  of  the  county  the  Columbia  flows  in  a-  deep  canyon,  but  the 
Okanogan,  its  chief  tributary,  is  a  meandering  stream  flowing  in  a 
broad  and  comparatively  shallow  valley.  The  Methow  Valley  is  like- 
wise very  broad  and  open,  except  for  the  last  few  miles  of  its  course, 
when  it  assumes  a  canyon  aspect. 

The  rainfall  of  Okanogan  County  is  light  in  comparison  with 
other  parts  of  Washington.  In  the  mountainous  area  the  annual  pre- 
cipitation is  from  15  to  20  inches.  Over  much  of  the  remaining 
part  of  the  county  it  ranges  from  10  to  15  inches,  and  over  a  small 
portion  it  is  even  less  than  10  inches.  The  forest  grows  exclusively 
upon  the  highlands,  chiefly  in  the  Cascades,  in  the  mountains  along  the 
eastern  border,  and  on  the  mountain  ridge  between  Okanogan  and 
Methow  rivers.  Over  those  parts  of  the  county  where  the  trees  can 
not  grow  bunch  grass  abounds,  only  the  lowest  plains  along  Okanogan 
River  being  given  over  to  sagebrush.  From  the  mountains  good 
streams  of  water  flow  to  the  plains  and  make  possible  irrigation  on  a 
large  scale  in  the  valleys  of  Methow,  Okanogan,  and  Columbia  rivers. 

As  far  as  known  the  rocks  of  Okanogan  County  are  chiefly  gneisses, 
schists,  slates,  and  crystalline  limestones.  Here  and  there  are  small 
remnants  of  more  or  less  extensive  sediments  of  Tertiary  lakes.  Over 
large  areas  intrusive  and  extrusive  igneous  rocks  of  various  kinds  pre- 
vail. Over  much  of  the  surface  there  is  a  thick  mantle  of  soil,  and 
within  this  in  most  places  water  may  be  obtained  by  means  of  wells. 
Springs  commonly  occur,  and  they  are  relied  upon  to  a  large  degree  by 
the  settlers.  Surface  water  is  usually  sufliciently  abundant  to  supply 
the  herds  of  cattle  and  sheep  with  their  requirements. 

Municipal  systeim, — Loomis  obtains  its  water  from  Sinlahekin 
Creek  and  from  a  spring  owned  by  J.  M.  Judd.  Neither  source  is 
very  satisfactory,  and  it  is  planned  to  secure  a  supply  from  Toats 
Coulee  Creek,  a  mountain  stream  of  pure  water  which  flows  near  the 
town.  A  few  wells  have  been  dug  in  the  district  about  Loomis.  They 
are  all  shallow,  ranging  in  depth  from  20  to  30  feet.  They  do  not 
reach  bed  rock,  but  lie  wholly  in  the  mantle  rock  or  soil. 

PACIFIC  COUNTY. 

General  statement. — Pacific  County  lies  at  the  southwest  corner 
of  the  State.  The  ocean  border  of  the  county  is  exceedingly  irregu- 
lar, due  in  part  to  a  submergence  of  the  coast  and  in  part  to  the  build- 
ing out  from  the  headlands  of  long  sand  spits.  The  surface  rises 
gradually  from  tide  water  to  the  summit  of  the  Coast  Range,  where  a 
maximum  height  of  3,000  feet  above  the  sea  is  attained.  Much  of  the 
coast  is  low,  and  alluvial  valleys  extend  for  some  distance  up  the 
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streams.  The  annual  rainfall  is  very  heavy,  varying  from  66  inches 
at  the  mouth  of  the  Columbia  to  85  inches  and  over  along  the  north- 
ern border.  In  this  county  the  change  in  amount  of  precipitation  is 
in  a  north-south  rather  than  an  east-west  direction  as  is  commonly  the 
case.  As  elsewhere  the  large  rainfall  produces  many  streams  and  an 
extraordinary  forest  growth.  The  larger  trees  are  closely  surrounded 
by  a  very  dense  growth  of  minor  forms,  so  that  the  forest  as  a  whole 
is  almost  impenetrable. 

With  few  exceptions  all  the  rocks  of  the  county  are  shales,  sand- 
stones, and  conglomerates  of  middle  Tertiary  age.  All  of  these  disin- 
tegrate readily  when  exposed  to  the  atmosphere,  so  that  there  is  a 
heavy  mantle  of  incoherent  porous  material  many  feet  in  depth. 
Within  this  soil  there  is  generally  an  abundance  of  water,  so  that 
shallow  wells  and  springs  form  the  main  sources  of  domestic  supply. 

Municipal  systems, — Springs  afford  the  water  supply  for  Ilwaco, 
but  they  are  not  very  satisfactory  and  in  the  near  future  some  other 
source  must  be  sought.  The  present  supply  is  not  of  the  best  quality 
and  will  soon  be  inadequate.  Contamination  is  due  chiefly  to  decaying 
vegetable  matter.  A  gravity  system  of  waterworks  is  used.  Ilwaco 
is  situated  on  a  plain  which  rises  but  little  above  high  tide.  Wells  are 
not  used  at  all,  because  the  water  within  them  is  unfit  for  drinking 
purposes. 

The  supply  of  water  for  Southbend  is  obtained  from  springs.  In 
this  way  water  of  excellent  quality  is  had,  free  from  contamination, 
and  in  quantity  believed  to  be  suflicient  for  all  future  needs.  The 
water  is  carried  from  the  springs  and  distributed  about  the  town  by  a 
gravity  system.  Very  few  wells  are  used  about  Southbend,  and  in 
none  of  them  is  the  water  satisfactory.  The  wells  vary  in  depth  from 
10  to  60  feet. 

PIERCE   COITNTY. 

General  statement. — Pierce  County  extends  from  the  summit  of  the 
Cascades  on  the  east  to  Puget  Sound  on  the  west,  and  from  King  and 
Kitsap  counties  on  the  north  to  Lewis  and  Thurston  counties  on  the 
south.  In  the  vicinity  of  the  sound  the  surface  is  that  of  a  plain  with 
a  general  height  of  300  to  400  feet  above  sea  level.  Eastward  the 
plain  gives  way  to  hills,  which  in  turn  soon  merge  into  the  high 
mountains  forming  the  eastern  third  of  the  county.  Mount  Rainier 
lies  in  Pierce  County,  and  immediately  about  it  and  to  the  northeast 
high  peaks  and  deep  valleys  are  very  conspicuous. 

The  lowest  annual  minfall  is  in  the  neighborhood  of  Tacoma,  where 
it  averages  45  inches.  It  increases  eastward  and  in  the  mountains  is 
about  60  inches.  Upon  the  sides  of  Mount  Rainier  and  the  neighbor- 
ing high  mountains  the  precipitation  is  principally  in  the  form  of 
snow,  and  large  snow  fields  and  glaciers  are  found.     By  the  precipitous 
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descent  of  many  of  the  large  streams  waterfalls  of  much  economic 
importance  have  been  produced.  Some  of  the  waterfalls  are  now 
being  utilized  for  power  purposes.  The  heavy  rainfall  of  the  moun- 
tains insures  an  ample  supply  of  the  purest  water  for  the  cities  about 
the  sound  or  upon  the  plains. 

In  the  region  about  Burnett,  Wilkeson,  Carbonado,  and  Fairfax  the 
outcropping  rocks  are  chiefly  clastic  sediments  of  Ekxjene  age.  They 
are  coal  bearing,  and  at  the  places  above  mentioned  coal  mines  are  now 
in  operation.  The  extent  of  the  sedimentary  series  is  unknown,  since 
eastward  it  passes  under  the  lavas  of  Mount  Rainier  and  westward  it 
disappears  beneath  the  heavy  mantle  of  glacial  sediments  which  covers 
the  western  third  of  the  county.  The  glacial  deposits  for  the  most 
part  are  made  up  of  coarse  gravels  and  sands,  into  which  the  water 
sinks  after  each  rainfall,  so  that  the  drainage  is  chiefly  underground. 
In  the  western  part  of  the  county  there  are  but  few  streams  save 
those  which  have  their  origin  in  the  hills  and  mountains.  Ordinarily 
a  large  quantity  of  good  water  is  obtained  in  wells  having  a  depth  of  40 
to  50  feet.  Springs  are  very  abundant  and  it  is  from  this  source  that 
the  principal  towns  of  the  county  derive  their  water  supplies.  The 
springs  ar^  commonly  found  at  the  bases  of  the  hills,  and  from 
them  the  water  usually  issues  in  the  form  of  streams.  Not  only  are 
the  springs  numerous,  but  the  quantity  of  water  that  flows  from  some 
of  them  is  phenomenal. 

Municipal  systems, — A  well  situated  on  an  island  in  White  River, 
near  the  town,  supplies  Buckley  with  water.  From  this  source,  by 
pumping,  a  very  large  supply  may  be  obtained,  ample  for  present  and 
future  needs.  The  water  is  of  good  quality,  there  being  no  known 
sources  of  contamination.  In  the  regioti  about  Buckley  the  wells 
vary  in  depth  from  30  to  40  feet,  the  water-bearing  materials  being 
beds  of  sand  and  gravel.  The  latter  are  overlain  by  glacial  till  or 
hardpan,  so  that  the  wells  suffer  no  contamination  from  the  surface. 

The  water  for  Carbonado  is  obtained  from  springs  located  in  some 
gravel  beds  overlying  the  coal-bearing  rocks.  The  supply  is  suflScient 
for  the  present  and  doubtless  will  be  enough  for  all  future  needs.  A 
gravity  system  of  waterworks  is  in  use.  The  water  is  used  for  boilers 
as  well  as  for  domestic  purposes.     There  are  no  wells  in  Carbonado. 

Springs  furnish  a  supply  of  water  for  Orting.  The  water  is  not 
contaminated  and  is  very  satisfactory.  The  supply  is  ample  for  all 
the  demands  made  upon  it.  Other  springs  near  by  may  be  utilized  if 
necessary.  A  gravity  system  of  waterworks  is  used.  In  the  region 
about  Orting  are  a  few  wells,  their  depths  varying  from  14  to  18  feet. 
The  wells  are  wholly  in  glacial  materials,  not  reaching  the  bed  rock  in 
any  case.  The  water  in  the  wells  is  excellent  and  abundant,  usually 
rising  to  the  surface  in  the  winter  months. 

The  water  used  in  Puyallup  comes   from  Maplewood    Springs. 
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These  springs  lie  within  the  city  limits  and  have  a  flow  of  20,000,000 
gallons  daily.  The  water  is  of  good  quality.  It  is  distributed 
through  the  town  by  a  gravity  system.  Puyallup  is  located  on  the 
flood  plain  of  Puyallup  River  near  where  it  enters  the  sea.  The  wells 
that  have  been  dug  in  the  alluvium  of  the  valley  do  not  yield  good 
water  and  hence  are  rarely  or  never  used. 

The  water  system  in  South  Tacoma  is  owned  by  Calvin  Phillips  & 
Co.,  who  obtain  a  daily  supply  of  160,000  gallons  from  wells.  The 
water  is  free  from  any  contamination  and  is  quite  satisfactory.  The 
usual  depth  of  wells  about  South  Tacoma  is  40  to  50  feet.  The  wells 
penetrate  beds  of  gravel  and  sand  and  in  no  instance  reach  bed  rock. 

For  Sumner  the  water  is  obtained  from  a  spring  located  on  a  hill- 
side 1  mile  east  of  the  town.  The  spring  is  sufficiently  above  the  level 
of  the  town  to  give  a  good  head  to  the  water,  so  that  it  may  be  distrib- 
uted by  gravity.  The  supply  is  ample  for  prcvsent  needs,  and  there 
are  other  good  springs  near  by  which  may  be  utilized  in  the  future 
should  the  needs  of  the  town  so  demand.  No  wells  are  used  in  the 
valley  about  Sumner,  all  of  the  water  for  domestic  purposes  being 
piped  from  the  springs  on  the  hillsides  which  border  the  valley. 

The  city  of  Tacoma  obtains  its  water  supply  from  Clover  Creek  and 
some  springs.  From  the  former  the  major  portion  of  the  water  used 
in  the  city  is  obtained,  but  the  spring  water  is  more  satisfactory.  The 
quantity  obtained  is  hardly  sufficient  for  the  needs  of  the  city  and,  as 
additional  sources  of  supply,  three  deep  wells  are  being  drilled.  From 
the  creek  and  springs  water  is  pumped  into  reservoirs,  from  which  it 
is  distributed  by  gravity  throughout  the  city.  Tacoma  is  located  upon 
a  plain  composed  of  glacial  sediments,  till,  clay,  sand,  and  gravel, 
which  yield  an  abundant  supply  of  good  water.  The  depth  of  the 
wells  varies  from  30  to  100  feet.  In  general  the  water-bearing  strata 
are  overlain  by  clay  or  till,  so  that  surface  contamination  is  reduced 
to  a  minimum. 

A  sanitary  analysis  of  water  from  Clover  Creek  and  springs,  made 
February  23,  1901,  by  Prof.  H.  G.  Byers,  of  the  University  of 
Washington,  resulted  as  follows: 

Analysis  ofivaierfvom  Clover  Creek  and  springs. 

[Parts  per  million.] 

Total  solids 47.20 

Nonvolatile  solids 25. 20 

Volatile  solids 22. 00 

Oxygen  consumed 6. 34 

Chlorine 4. 40 

Nitrogen  as  free  ammonia 035 

Nitrogen  as  albuminoid  ammonia 080 

Nitrogen  as  nitrites ' None. 

Nitrogen  as  nitrates None. 
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Springs. — Near  the  town  of  Carbonado,  in  sec.  4,  T.  18  N.,  R.  6  E., 
the  water  issues  as  a  stream  from  some  gravel  beds  which  overlie  the 
coal  measures  at  this  place.  The  spring  yields  sufficient  water  to  sup- 
ply the  town  of  Carbonado  and  the  boilers  of  the  Carbon  Hill  Coal 
Company. 

The  Orting  Light  and  Water  Company  own  three  springs  in  sec.  29, 
T.  19  N.,  R.  5  E.  These  springs  are  small,  but  aflford  enough  water 
to  supply  the  town  of  Orting.  They  are  located  upon  a  hillside,  where 
the  water  issues  as  small  streams  from  beds  of  sand  and  gravel.  The 
water  carries  a  little  sand  and  is  somewhat  muddy  after  haixl  rains. 
The  flow  is  said  to  be  a  little  stronger  in  summer  than  in  winter. 

Maplewood  Springs  are  located  near  Puyallup,  in  sec.  32,T.  20  N., 
R.  4  E.  The  water  issues  in  streams  from  beds  of  gravel  at  the 
base  of  a  bluflf.  The  flow  is  estimated  at  20,000,000  gallons  per  day. 
The  town  of  Puyallup  and  a  portion  of  Tacoma  are  supplied  with 
water  from  this  spring.     The  spring  is  owned  by  the  city  of  Tacoma. 

SAN  JUAN  COUXTT. 

General  statement. — San  Juan  County  comprises  a  group  of  islands 
lying  between  Whatcom  and  Skagit  counties  in  Washington  and  the 
island  of  Vancouver,  These  islands  have  rocky,  irregular,  deeply 
indented  shores  and  represent  the  tops  of  submerged  mountains.  The 
surface  of  some  of  the  islands  is  that  of  a  plain,  but  in  most  cases  there 
are  high  hills  or  semimountains.  The  principal  hills  are  on  Orcas 
Island,  the  highest  point.  Mount  Constitution,  rising  2,200  feet  above 
the  sea. 

Since  the  San  Juan  Islands  lie  to  the  leeward  of  the  mountains  of 
Vancouver  Island,  they  have  a  rainfall  that  is  less  than  the  average  of 
western  Washington.  The  yearly  rainfall  is  between  30  and  35  inches. 
This  is  enough  to  support  but  a  moderate  forest  growth,  so  that  the 
trees  are  not  so  large  as  in  some  pails  of  the  State  and  there  is  but  a 
small  amount  of  undergrowth.  The  rainfall  is  ample  for  agricultural 
purposes  and  excellent  crops  are  raised. 

The  rocks  of  the  northernmost  islands  of  the  group  are  of  upper 
Cretaceous  age  and  are  a  part  of  the  coal-bearing  series  of  the  islands 
of  British  Columbia.  South  of  the  sedimentary  rocks  just  mentioned, 
and  forming  the  major  portion  of  the  islands,  are  metamorphic  and 
igneous  rocks  of  undetermined  age.  All  of  the  islands  have  been 
glaciated,  and  oftentimes  the  rocks  are  deeply  furrowed.  The  glaciers 
laid  bare  the  rocks  in  some  instances,  and  over  much  of  the  surface  but 
a  thin  soil  was  left.  The  area  of  tillable  land  is  thereby  largely 
reduced  and  limited  to  the  lower  valleys.  On  a  few  of  the  islands  the 
water  supply  is  scant  and  the  problem  of  securing  water  for  domestic 
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puiT)ose8  is  a  difficult  one.  Only  a  meager  supply  of  surface  water  is 
obtained  because  of  the  scant  rainfall.  The  slight  depth  of  soil  makes 
it  necessary  to  dig  the  wells  in  bed  rock  in  most  places.  In  some 
instances,  however,  as  about  Friday  Harbor,  the  soil  is  of  sufficient 
depth  to  yield  a  water  supply  by  means  of  shallow  wells. 

Municipal  systems, — The  water  supply  for  Friday  Harbor  comes 
altogether  from  wells.  These  yield  water  of  good  quality,  which 
thus  far  has  been  quite  satisfactory.  The  wells  are  all  shallow,  not 
often  reaching  a  depth  exceeding  18  feet.  The  water  is  obtained 
from  beds  of  gravel.  These  are  overlain  by  clay,  thus  preventing 
surface  drainage  from  entering  the  wells.  A  good  water  supply  for 
the  town  of  Friday  Harbor  can  be  had  in  Sportsmans  Lake,  which  is 
3i  miles  away  and  lies  at  an  elevation  of  about  75  feet  above  the 
town.     The  lake  covers  90  acres  and  is  fed  by  springs. 

SKAGIT  COUNTY. 

Oerieral  statement. — Skagit  County  is  in  the  northwestern  part  of 
the  State  and  lies  between  Whatcom  County  on  the  north  and  Snoho- 
mish County  on  the  south.  It  extends  from  Puget  Sound  on  the 
west  to  the  sunmiit  of  the  Cascades  on  the  east.  The  coast  is  very 
irregular.  The  topography  of  the  western  part  of  the  county  is  that 
of  a  plain  lying  but  little  above  the  sea.  The  eastern  half  is  very 
rough  and  broken  and  embraces  some  of  the  most  rugged  poitions  of 
the  Cascades.  A  prominent  feature  of  the  surface  is  the  great  valley 
of  Skagit  River,  which  has  an  east-west  course  through  the  county 
and  upon  the  broad  delta  of  which  the  principal  towns  are  located. 
Dikes  have  been  built  along  the  coast  and  the  lower  reaches  of  the 
river  to  keep  the  alluvial  plain  from  being  overflowed.  T^e  tide  runs 
up  Skagit  River  for  about  20  miles. 

The  yearly  rainfall  varies  from  30  inches  along  the  coast  to  an 
average  of  50  inches  in  the  mountains.  Practically  all  of  the  region 
was  once  forest  covered,  and  the  cedars  of  the  Skagit  Valley  are 
among  the  largest  and  best  to  be  found  in  the  State.  The  timber  of 
the  broad  alluvial  plain  along  the  lower  course  of  the  river  has  been 
largely  removed  and  excellent  farms  have  taken  its  place.  The  most 
valuable  farm  land  in  the  State  is  found  here,  the  amount  of  rainfall 
and  the  excellent  quality  of  the  soil  being  conducive  to  very  high 
agricultural  returns. 

In  the  region  south  of  Hamilton  and  immediately  about  Cokedale 
are  outcropping  Tertiary  sandstones  and  shales  which  are  coal  bearing 
and  in  which  coal  mines  have  been  opened.  The  extent  of  these 
sedimentary  areas  is  unknown,  since  they  are  largely  concealed  by 
the  alluvial  deposits  of  the  river,  glacial  sediments,  etc.     liast  of 
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Hamilton  is  a  north-south  belt  of  slates  and  schists  containing  small 
>)odies  of  iron  ore.  Among  the  islands  at  the  western  end  of  the 
county  are  frequent  outcrops  of  slates,  schists,  and  other  metamorphic 
rocks.  Along  the  borders  of  the  valley  of  the  lower  Skagit  are  thick 
deposits  of  glacial  sediments,  from  which  water  is  often  obtained  by 
means  of  wells  and  springs.  The  towns  located  in  the  valley  of  the 
Skagit  may  secure  supplies  of  water  either  from  the  springs  on  the 
adjacent  hillsides  or  from  shallow  wells  that  have  been  sunk  into  the 
sands  and  gravels  of  the  river  plain. 

Munu^lpal  mf»tein», — The  town  of  Anacortes  obtains  its  water  from 
Lake  Heart,  which  is  fed  by  springs.  The  lake  is  about  250  feet 
above  the  town,  so  a  gravity  system  of  waterworks  is  used.  Lake 
Heart,  although  now  supplying  enough  water  for  the  use  of  the  town, 
will  in  time  become  inadequate.  Other  desirable  sources  of  supply 
may  easily  be  found  in  Cranberry  and  Whistler  lakes,  which  lie  near 
the  town.  The  water  now  used  is  of  good  quality  and  is  quite  satis- 
factory. Some  of  the  wells  of  the  region  are  shallow,  but  the  best 
water  is  obtained  at  a  depth  of  about  80  feet.  Not  even  the  deepest 
wells  enter  bed  rock,  the  materials  passed  through  being  clay  above, 
with  beds  of  gravel  below. 

Hamilton  secures  its  water  supply  exclusively  from  wells.  These 
are  shallow,  since  the  town  is  located  on  the  flood  plain  of  Skagit 
River.  The  wells  range  in  depth  from  10  to  25  feet.  The  height 
of  water  in  the  wells  depends  upon  the  stage  of  water  in  the  river. 
The  water  in  the  wells  all  comes  from  the  river  by  seeping  through 
the  coarser  materials  of  the  flood  plain.  In  each  well  a  latei*al  move- 
ment of  the  water  in  the  same  direction  as  the  flow  of  the  river  may 
be  readily  seen. 

The  water  that  is  used  at  Laconner  is  brought  from  a  spring  by 
a  gravity  system.  The  water  is  of  good  quality,  and  is  ample  in 
amount  for  present  demands,  but  may  need  to  be  supplemented  in  the 
future. 

Water  for  the  use  of  the  town  of  Mount  Vernon  is  obtained  from 
a  large  spring.  From  the  spring  water  is  pumped  into  a  reservoir 
located  on  a  hill  above  the  town  and  is  then  distributed  by  gravity. 
The  water  is  very  pure,  there  being  no  sources  of  contamination, 
and  it  is  sufficient  in  amount  for  present  and  future  needs.  The 
weUs  of  the  region  range  in  depth  from  10  to  14  feet.  They  do  not 
enter  bed  rock,  but  are  altogether  in  the  alluvium  of  the  valley.  In 
some  instances  the  well  water  is  not  of  good  quality. 
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SKAMANIA  COUNTT. 

General  statement, — Skamania  County  lies  on  the  southern  border 
of  the  State,  south  of  Lewis  County,  between  Yakima  and  Klickitat 
counties  on  the.east  and  Cowlitz  and  Clarke  counties  on  the  west.  The 
proportion  of  low  plain  to  high  mountain  is  less  than  in  any  other 
county  in  the  State.  With  the  exception  of  a  very  narrow  plain  alon^ 
Columbia  River  the  entire  county  consists  of  rugged  mountains  which 
have  a  general  height  of  about  5,000  feet  above  sea  level.  From  east 
to  west  the  county  covers  very  nearly  the  entire  width  of  the  higher 
Cascades  in  this  part  of  the  State.  The  highest  point  is  Mount  St. 
Helens,  with  an  elevation  of  about  10,000  feet,  standing  near  the 
northern  boitler  line.  St.  Helens  is  a  volcano  that  is  said  to  have 
shown  slight  signs  of  activity  since  white  settlers  first  came  to  Wash- 
ington.   It  has  suffered  but  little  erosion  and  is  symmetrical  in  outline. 

The  rainfall  ranges  from  60  inches  or  a  little  more  in  the  north- 
western part  to  40  inches  on  the  southeastern  border.  The  elevation 
is  such  that  the  rainfall  is  heavy.  It  should  be  noted,  however,  that 
not  all  of  the  precipitation  is  in  the  form  of  rain,  but  that  some  of  it, 
especially  in  the  northwestern  part  of  the  county,  is  in  the  form  of 
snow.  With  the  exception  of  a  few  mountain  peaks  the  surface  is 
entirely  forested,  and  over  one-half  of  the  county  is  within  the  limits 
of  the  Mount  Rainier  Forest  Reserve. 

Little  is  known  of  the  geology  of  the  county.  Nothing  but  basalt, 
presumably  belonging  to  the  Columbia  River  lava,  appears  along 
Columbia  River.  About  15  miles  north  of  the  river,  northeast  of 
Skye,  outcrops  of  granite  occur.  These  outcrops  are  believed  to  be 
at  the  southern  end  of  a  belt  of  granite  which  runs  northward  through 
the  county,  passing  between  Mount  St.  Helens  on  the  west  and  Mount 
Adams  on  the  east.  The  warm  springs  which  occur  at  Cascades  seem 
to  indicate  that  there  are  igneous  rocks  at  moderate  depths  in  that 
vicinity  which  are  not  yet  entirely  cooled.  Very  little  information  is 
at  hand  regarding  the  details  of  the  water  resources  of  the  count}-, 
since  it  is  very  sparsely  peopled.  The  only  settlements  are  located  in 
the  immediate  vicinity  of  Columbia  River. 

Springs, — Near  Cascades  post-office,  on  Columbia  River,  in  sec.  16, 
T.  2  N.,  R.  7  E.,  is  a  mineral  spring  owned  by  Thomas  Moffett.  The 
water  seeps  out  at  the  base  of  a  hill,  and  flows  25,000  gallons  daily, 
with  no  variation  from  season  to  season.  The  water  has  a  tempera- 
ture of  96^  F.  Gas  is  constantly  escaping  and  the  water  is  known  to 
carry  iron  and  sulphur.  At  the  spring  a  bath  house  and  a  hotel  of  25 
rooms  were  erected  some  years  ago.  Plans  have  been  drawn  for  a 
new  hotel  of  100  rooms,  new  bath  houses,  and  a  swimming  tank  60  feet 
long,  20  feet  wide,  and  7  feet  deep.     The  water  is  of  medicinal  value, 
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being  especially  healthful  in  diseases  of  the  stomach  and  kidneys. 
The  water  is  bottled  and  placed  on  the  market,  $1,200  worth  having 
been  sold  in  1902. 

SNOHOMISH  COUNTY. 

General  statement.— ^nohoxmsh  County  is  located  in  the  northwest- 
ern part  of  the  State,  between  Skagit  County  on  the  north  and  King 
County  on  the  south,  and  extends  from  the  summit  of  the  Cascades  to 
the  shores  of  Puget  Sound.  The  surface  of  the  western  third  of  the 
count\'  is  that  of  a  low  plain  either  level  or  covered  with  low  hills. 
The  eastern  two-thirds  has  a  mountainous  topography,  varying  from 
the  low  foothills  on  the 'west  to  the  lofty  snow-  and  ice-covered  peaks 
on  the  main  divide.  The  mountains  have  been  trenched  by  Skykomish 
Kiver  and  the  North  and  South  forks  of  the  Stilaguamish,  all  of  which 
flow  in  deep  valleys.  These  riv^ers  have  in  general  a  westerly  course, 
and  the  watersheds  are  separated  by  bold  spurs  which  extend  outward 
from  the  main  mountain  mass. 

There  is  a  considerable  difference  between  the  rainfall  of  the  lowlands 
along  the  coast  and  that  in  the  high  mountains.  Along  the  western 
border  of  the  county  the  annual  rainfall  averages  35  inches;  at  the  foot- 
hills of  the  mountains  it  is  50  inches;  while  within  the  mountains,  and 
especially  toward  the  eastern  summit,  it  reaches  60  inches  and  over.  In 
the  vicinity  of  Monte  Cristo,  about  Glacier  Peak,  and  elsewhere  in  the 
high  mountains  the  snowfall  is  very  heavy  and  great  fields  of  snow 
and  many  glaciers  are  the  result.  With  the  exceptions  of  the  high 
mountains  that  are  covered  with  snow  or  ice,  or  are  barren  of  soil, 
almost  all  parts  of  the  county  are  heavily  foi-ested.  The  best  timber 
is  found  on  the  plains  and  the  low  hills  in  the  western  part  of  the 
county  and  in  the  larger  valleys  of  the  mountains.  The  northeastern 
part,  embracing  over  a  third  of  the  county,  is  included  in  the  Wash- 
ington Forest  Reserve. 

In  the  western  end  of  the  county  the  bed  rock  appears  at  very  few 
places  because  of  the  great  thickness  of  the  glacial  sediments.  There 
are  a  few  outcrops  of  Tertiary  sandstones  and  shales,  which  are  not 
coal  bearing,  as  far  as  observed.  The  mountainous  portion  is  com- 
posed of  a  great  complex  of  metamorphic  rocks  with  many  varie- 
ties of  extrusive  and  intrusive  igneous  rocks.  The  water  supply  of 
the  county  is  obtained  in  part  from  the  mountain  streams  and  in  part 
from  the  glacial  deposits,  in  the  latter  case  either  from  springs  or  by 
means  of  wells.  The  several  sources  afford  a  very  satisfactory  supply, 
and  there  is  no  part  of  the  county  that  is  not  abundantly  provided 
with  water  of  the  finest  quality. 

Municipal  systems, — The  town  of  Arlington  secures  water  from 
springs,  wells,  and  Stilaguamish  Eiver.     Both  springs  and  wells  are 
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very  satisfactory,  a  large  supply  of  excellent  water  being  thus  obtained. 
The  wells  vary  in  depth  from  20  to  30  feet.  They  do  not  enter  the 
rock,  but  have  been  dug  wholly  in  clay,  sand,  and  gravel. 

Edmunds  secures  its  town  supply  of  water  almost  wholly  from 
springs,  only  a  few  wells  being  in  use.  The  springs  yield  a  supply 
that  is  satisftwtory  in  both  quality  and  quantity.  A  gravity  system  of 
waterworks  is  used. 

Everett  obtains  a  supply  of  water  from  2  creeks,  one  flowing  within 
a  mile  and  the  other  within  2^  miles  of  the  city.  From  these  streams 
the  water  is  conveyed  through  pipes  of  22  and  8  inches  in  diameter  to  a 
reservoir  which  has  the  capacity  of  1,200,000  gallons.  From  the 
reservoir  the  water  is  distributed  by  a  gravity  system  throughout  the 
city.  The  water  is  free  from  contamination  and  highly  satisfactory 
in  every  way.  The  wells  in  the  region  about  Everett  vary  in  depth 
from  16  to  115  feet,  water  being  usually  found  at  about  100  feet.  The 
materials  penetrated  are  surface  soil,  glacial  till  or  hardpan,  and  finally 
sand  or  gravel,  which  viQld  the  water.  Bed  rock  is  not  reached  even 
in  the  deepest  wells.  A  large  supply  of  good  water  may  be  obtained 
from  the  wells,  which  is  ample  in  quantity  for  domestic  demands.  The 
following  sanitary  analysis  of  the  city  water  of  Everett  was  made  by 
Prof.  H.  G.  Byers,  of  the  University  of  Washington,  on  January  10, 

1901: 

Analym  of  city  water  of  Everett. 

[Parts  per  mlllioii.] 

Total  solids 300.80 

Nonvolatile  solids 252. 80 

Volatile  solids 48. 00 

Oxygen  consumed 7. 27 

Chlorine 4.80 

Nitrogen  as  free  ammonia 0. 020 

Nitrogen  as  albuminoid  ammonia 0. 060 

Nitrogen  as  nitrites None. 

Nitrogen  as  nitrates None. 

In  Marysville  the  water  supply  comes  exclusively  from  wells.  The 
wells  are  all  shallow,  since  the  town  is  located  on  the  flood  plain  of 
Snohomish  River.  The  water  is  soft,  of  good  quality,  and  satisfactory 
for  the  present,  at  least.  It  is  planned  to  use  at  some  future  time  the 
water  of  Lake  Stephens,  which  is  located  conveniently  near. 

The  water  supply  for  Monroe  is  obtained  from  two  small  creeks. 
In  this  way  very  pure  water  is  had,  and  in  quantity  suflScient  for 
present  and  future  needs.  A  gravity  system  of  waterworks  is  in 
operation.  The  wells  are  from  18  to  60  feet  in  depth.  None  of  them 
enter  rock,  all  being  wholly  within  the  alluvial  materials  of  the  river 
valley.  An  analysis  of  water  from  the  Monroe  supply  was  made  by 
G.  L.  Tanzer,  of  Seattle,  on  August  3,  1903.  He  found  that  there 
was  0.049  grain  of  solid  matter  in  1   liter  (33.81  fluid  ounces)  of 
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water.  A  qualitative  analysis  oi  the  solid  matter  showed  it  to  con- 
tain magnesium  and  sodium  chlorides,  with  a  trace  of  calcium  car- 
bonate. No  ammonia,  nitrogeneous  matter,  iron,  or  silicates  were 
found. 

Monte  Cristo  obtains  a  water  supply  from  a  mountain  stream,  using 
a  gravity  system.  The  water  comes  directly  from  the  snow  fields 
near  by  and  is  very  cold  and  pure.  The  quantity  is  greater  in  autumn 
and  spring  than  in  other  seasons,  but  probably  will  always  be  equal  to 
every  demand.  Besides  its  uses  as  a  domestic  and  boiler  supply  it  is 
also  used  in  an  ore  concentrator. 

The  water  supply  of  Silverton  comes  from  mountain  streams  which 
head  in  the  fields  of  snow  and  ice  near  the  town.  The  water  is  there- 
fore of  exceptional  purity  and  may  be  had  in  quantity  suflScient  for 
all  possible  needs.  It  is  used  as  a  domestic  supply,  for  water  power, 
and  in  concentrating  ore. 

Snohomish  secures  its  supply  from  Pilchuck  River,  a  stream  heading 
to  the  east  in  the  Cascade  Mountains.  The  water  is  pumped  into  a 
reservoir  having  a  capacity  of  500,000  gallons  and  is  then  distributed  by 
gravity.  There  are  no  sources  of  contamination  and  the  water  is  of 
good  quality.  The  quantity  is  sufficient  for  all  future  needs.  The 
wells  about  Snohomish  range  in  depth  from  15  to  55  feet.  In  digging 
the  wells  glacial  till  or  hardpan  is  first  passed  through,  and  the  water 
is  obtained  from  the  beds  of  gravel  that  lie  below.  The  following 
sanitary  analysis  of  water  from  the  city  supply  was  made  by  Prof.  H.  G. 
Byers,  of  the  University  of  Washington: 

Analysis  of  city  water  from  Snohomish, 
[Parts  per  million.] 

Total  soUda 41.50 

Nonvolatile  solids 23.22 

Volatile  solids.... 18.28 

Oxygen  consumed 3. 75 

Chlorine 4.00 

Nitrogen  as  free  ammonia 010 

Nitrogen  as  albuminoid  ammonia 093 

Nitrogen  as  nitrites None. 

Nitrogen  as  nitrates 400 

SPOKA2«:  COUNTY. 

General  statement. — Spokane  County  lies  in  the  extreme  eastern 
part  of  the  State,  with  Stevens  Comity  on  the  north,  Lincoln  County 
on  the  west,  and  Whitman  County  on  the  south.  In  the  main  the 
surface  is  that  of  a  plateau,  with  an  average  height  of  about  2,000  feet 
above  the  sea.  The  only  exceptions  to  the  plateau  aspect  to  be  noted 
are  the  mountains  in  the  northeast  comer,  of  which  Mount  Carl- 
ton is  the  highest,  and  the  high  hills  or  low  mountains  in  the  south- 
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eastern  pai*t  along  the  Idaho  boundary'.  The  principal  stream,  Spokane 
River,  flows  in  a  broad,  shallow  valley  from  the  eastern  border  of  the 
county  to  the  city  of  Spokane;  at  thia  point  it  enters  a  canyon,  of  very 
moderate  depth  at  first,  but  gradually  deepening  as  the  river  flows 
northwestward  to  join  the  Columbia. 

The  average  rainfall  is  about  20  inches  per  year.  The  precipitation 
on  the  western  border  is  somewhat  less  than  this,  while  on  the  eastern 
side  it  is  a  little  more.  The  result  is  that  in  a  general  way  the  eastern 
half  of  the  county  is  forested,  while  the  western  half  is  a  prairie.  The 
grassy  plains  have  been  largely  replaced  by  wheat  fields,  since  the 
rainfall  is  always  ample  to  secure  a  crop  of  this  cereal.  The  forest 
growth  is  rather  sparse,  the  trees  are  of  only  moderate  size,  and  there 
is  little  undergrowth. 

Spokane  County  lies  partly  within  the  Columbia  River  lava  field, 
the  bed  rock  of  the  southwestern  half  being  basalt.  As  this  is  the 
border  line  of  the  lava  field  the  basalt  is  comparatively  thin  and  the 
underlying  rocks  occasionally  appear  through  it.  The  northwestern 
part  of  the  county  is  chiefly  a  granite  region,  with  occasional  areas  of 
gneiss  and  schist.  Among  these  rocks  basalt  often  appears  in  the 
form  of  narrow  tongues  which  have  extended  outward  from  the  main 
mass  of  lava.  The  valley  of  Spokane  River  in  Glacial  time  was  almost 
entirely  filled  by  a  gmvel  train,  only  a  minor  portion  of  which  has 
been  removed.  At  Spokane  Falls  is  a  jutting  ledge  of  basalt,  and  the 
river  drops  130  feet.  Within  the  gravels  and  sands  of  the  river  val- 
leys good  water  is  obtained  by. means  of  deep  wells.  Upon  the  lava 
plateau  domestic  supplies  of  water  are  secured  from  wells  ranging 
from  30  to  135  feet  in  depth.  Some  of  the  basalt  is  porous,  and 
where  such  rock  outcrops  along  the  bases  of  hills  springs  are  often 
found. 

Municipal  iiy stents. — Cheney  obtains  a  water  supplj^  from  a  lake  and 
from  wells.  The  lake  supply  is  the  more  commonly  used,  but  water 
from  the  wells  is  more  satisfactory.  An  ample  amount  is  secured  for 
the  present  and  doubtless  for  all  future  needs.  A  direct  pressure  sys- 
tem of  waterworks  is  in  use.  The  wells  vary  from  30  to  50  feet  in 
depth,  water  being  most  commonly  found  at  40  feet.  They  all  enter 
basalt  after  passing  through  a  la^^er  of  clay  at  the  surface.  Very  good 
water  is  secured.  The  water  level  scarcely  varies  from  season  to  sea- 
son, and  is  not  affected  by  pumping. 

The  town  of  Medical  Lake  secures  water  from  Clear  Lake,  located 
3i  miles  to  the  south.  The  water  is  hard,  but  quite  satisfactory  other- 
wise. A  supply  sufficient  for  all  possible  demands  maj'  be  obtained. 
In  the  wells  about  Medical  Lake  water  is  usually  found  at  a  depth  of 
15  feet;  but  the  range  of  depth  of  the  wells  is  from  10  to  40  feet.  The 
wells  are  all  in  basalt,  the  porous  or  scoriaceous  layers  of  the  rock 
being  water  bearing. 
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An  analysis  of  the  water  of  Medical  Lake,  made  by  G.  A  Mariner, 
of  Chicago,  is  as  follows: 

AncUyifis  of  waler  of  Medical  Lake. 

[Parts  per  thousand.] 

Silica 0.1825 

Alumina  and  iron  oxide 0120 

Calcinm  carbonate 0031 

Magnesium  carbonate 0040 

Sodium  chloride 2869 

Potassium  chloride 1616 

Sodium  carbonate 1089 

PotasBium  carbonate Trace. 

Dthium  carbonate Trace. 

Borax Trace. 

Hilly ard  obtains  a  supply  of  water  from  deep  wells.  These  are  com- 
monly from  190  to  200  feet  in  depth  and  are  wholly  in  gravel.  The 
water  is  soft  and  of  the  best  quality.  The  supply  at  present  is  suffi- 
cient for  all  needs,  but  it  is  doubtful  if  it  will  be  ample  for  the  future. 

Latah  uses  wells  exclusively  as  a  source  of  water  supply.  Later  on 
water  may  be  taken  from  a  large  spring  above  the  town.  The  wells 
are  shallow,  as  a  rule,  varying  in  depth  from  25  to  40  feet.  They 
enter  rock,  and  a  layer  of  clay  at  the  surface  tends  to  prevent  contam- 
ination from  above.  The  water  level  varies  but  little  throughout  the 
year.     One  well  sunk  to  a  depth  of  135  feet  flows  constantly. 

The  city  of  Spokane  obtains  its  supply  of  water  from  Spokane  River. 
The  pumping  plant  is  on  the  river  bank  about  5  miles  above  the  city. 
A  direct  pressure  system  of  waterworks  is  used.  There  are  no  sources 
of  contamination  and  the  water  is  of  a  high  degree  of  purity,  as  well  as 
unple  in  quantity  for  all  probable  future  needs. 

The  following  sanitary  analysis  of  city  water  from  Spokane  was 
made  on  April  23,  1901,  by  Prof.  H.  G.  Byers,  of  the  University  of 
Washington: 

SamJUvry  analysis  of  city  water  from  Spokane, 
[Parts  per  million.] 

Total  solids 50.24 

Nonvolatile  solida 34.43 

Volatile  solids 15.81 

Ozjrgen  consumed ' 2.13 

Chlorine 1.50 

Nitrogen  as  free  ammonia 004 

Nitrogen  as  albuminoid  ammonia 0363 

Nitrogen  as  nitrites None. 

Nitrogen  as  nitrates 018 

Deep  "icdls, — ^The  Hilly  ard  Town  Site  Company  has  a  well  which  is 
used  to  supply  the  town  of  Hillyard  with  water.     It  has  a  diameter  of 
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'M  inches  and  a  depth  of  200  feet.  It  was  dug  in  1900  at  a  cost  of 
^00.  The  amount  of  water  obtained  is  about  50,000  gallons  per  day. 
The  water  level  in  the  well  rises  and  falls  with  the  water  level  of 
8pokane  River,  which  flows  not  far  away. 

Springs, — William  Forthman  owns  a  spring  near  Latah,  in  sec.  26, 
T.  21  N.,  R.  45  E.  The  water  issues  as  a  small  stream  at  the  foot  of  a 
hill.  The  spring  has  a  minimum  flow  of  720  gallons  per  day  and  is 
much  stronger  in  the  springtime.  The  water  is  soft,  clear,  and  of 
excellent  quality.  It  is  used  for  general  farm  purposes.  In  the 
vicinity  of  Latah  are  a  number  of  large  springs. 

STEVENS  COITNTY. 

General  Htatement, — Stevens  County  lies  in  the  northeast  corner  of 
the  State,  bordering  on  Idaho  and  British  Columbia.  The  surface  is 
characterized  by  three  conspicuous  mountain  ridges  and  three  north- 
south  valleys.  The  ridges  lie  between  Columbia  and  Colville  rivers, 
between  Colville  and  Pend  Oreille  rivers,  and  east  of  the  latter  stream 
along  the  county  boundary.  Of  the  three  ridges  the  first  one  men- 
tioned is  the  lowest,  with  an  average  height  of  about  4,500  feet.  The 
second  and  third  ridges  have  a  maximum  elevation  of  about  7,000  feet. 
Columbia  River  flows  in  a  deep  valley  that  is  usually  bordered  by 
glacial  terraces.  The  valley  of  Colville  River  is  wide  and  the  stream 
has  an  extensive  flood  plain,  which  overflows  at  certain  seasons  of  the 
year.  For  the  first  50  miles  of  its  course  within  the  county  Pend 
Oreille  River  flows  very  slowly,  in  a  broad  valley  that  is  bordered  with 
much  agricultural  land;  farther  down  the  stream  crosses  a  belt  of 
harder  rocks,  in  which  it  flows  in  a  long,  tortuous  canyon. 

The  rainfall  averages  about  20  inches  per  year.  This  is  sufficient  to 
permit  of  agriculture  without  irrigation.  Practically  the  entire  county 
was  once  forested,  although  the  region  seems  to  be  near  the  border 
land  of  forest  and  prairie.  The  trees  do  not  grow  very  near  together 
and  the  undergrowth  is  very  scant.  As  a  rule  the  grasses  grow  every- 
where among  the  trees.  The  forest  is  being  removed  at  a  rapid  rate, 
the  demands  of  the  lumbermen  on  one  hand  and  of  the  farmei*s  on  the 
other  tending  toward  the  deforesting  of  the  county  in  a  comparatively 
short  time. 

Stevens  County  is  largely  a  region  of  crystalline  rocks.  The  north- 
south  ridges  between  the  principal  streams  are  composed  chiefly  of 
granite.  Flanking  the  granites  and  within  the  valleys  are  large  areas 
of  marbles,  quartzites,  slates,  and  other  metamorphic  rocks.  The 
marbles  occur  very  generally  throughout  the  county  and  are  of  eco- 
nomic importance  both  as  an  ornamental  stone  and  for  the  manufacture 
of  quicklime.  At  several  places  are  outcrops  of  coal-bearing  sand- 
stones and  shales,  which  represent  remnants  of  lacustrine  sediments  of 
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Teitiary  time.  The  basalt  of  the  Columbia  River  lava  extends  a  little 
way  into  the  county  along  the  southern  boundary.  The  towns  depend 
for  the  most  part  upon  streams  for  their  water  supplies.  The  water 
in  virtually  every  stream  is  free  from  contamination  and  is  of  excellent 
quality.  In  general,  the  soil  is  of  suflScient  thickness  to  contain  enough 
water  for  the  domestic  supplies  needed  in  the  smaller  towns  and 
through  the  country.  The  wells  for  the  most  part  are  shallow  and  do 
not  often  exceed  40  or  60  feet  in  depth. 

Municipal  systems. — Bossburg  secures  water  from  Columbia  River, 
beside  which  the  town  is  situated.  The  water  is  pumped  into  a  res- 
ervoir, from  which  it  is  distributed  about  the  town  by  gravity.  The 
supply  is  satisfactory  in  every  way.  There  are  no  wells  about  Boss- 
burg, but  there  are  some  springs  which  are  utilized. 

Colville  depends  mainly  upon  springs,  but  in  part  upon  two  streams, 
for  its  water  supply.  The  water  from  all  of  these  is  of  fine  quality, 
there  being  no  sources  of  contamination.  A  gravity  system  of  water- 
works has  been  installed.  The  wells  about  Colville  range  in  depth 
from  10  to  30  feet,  the  usual  depth  being  20  feet.  The  water  comes 
from  beds  of  san(f,  which  are  overlain  by  clay. 

Water  for  Marcus  is  taken  from  Columbia  River,  The  water  is 
satisfactory  from  all  standpoints.  The  wells  vary  from  18  to  60 
feet  in  depth.  Beds  of  clay  are  first  penetrated,  then  sand,  and  finally 
gravel. 

Xorthport  obtains  its  water  supply  from  Deep  Creek,  a  small  stream 
emptying  into  Columbia  River.  There  are  no  sources  of  contamination, 
and  the  water  is  satisfactory,  ailthough  very  hard.  A  large  amount  may 
be  secured,  sufficient  for  all  future  needs.  The  water  is  first  pumped 
into  tanks  which  stand  upon  a  hill  above  the  town  and  is  then  distrib- 
uted by  gravity.  Besides  its  domestic  use  it  is  also  used  as  a  boiler 
supply  by  the  Northport  Smelting  and  Refining  Company. 

The  water  for  Springdale  is  taken  from  a  mountain  stream.  The 
spring  flows  for  some  distance  over  limestone,  hence  the  water  con- 
tains some  lime.  The  supply  is  believed  to  be  sufficient  for  all  future 
needs.  A  gravity  system  of  watei-works  is  in  use.  The  wells  about 
Springdale  range  from  30  to  100  feet  in  depth,  water  being  commonly 
found  at  depths  of  40  to  50  feet.  The  more  shallow  wells  are  wholly 
in  the  soil  or  mantle  rock,  but  the  deeper  wells  all  enter  bed  rock. 

Deep  laeUs.— In  sec.  9,  T.  35  N.,  R.  39  E.,  near  Colville,  the  Pacific 
States  Oil  Company  drilled  a  well  in  1901  when  prospecting  for  oil. 
The  total  depth  reached  was  about  700  feet.  At  the  top  the  well  has 
a  diameter  of  10  inches,  at  the  bottom  0  inches.  A  water-bearing 
stratum  was  reached  at  400  feet,  and  water  now  flows  from  the  well 
mouth  at  the  rate  of  3  or  4  gallons  per  minute.  The  cost  of  the  well 
was  $3,000.  In  drilling  the  well,  beds  of  limestone,  sandstone,  lime- 
stone, shale,  and  sandstone  were  passed  through  in  succession. 


Digitized  by  V^OOQlC 


52  UNDEBGBOUND   WATEB8   OF   WASHINGTON.  [no.IU. 

THUBSTON  COUNTT. 

General  statenjient. — Thurston  County  is  located  in  the  southwestern 
portion  of  the  State,  at  the  head  of  Puget  Sound,  with  Chehalis  County 
lying  between  it  and  the  Pacific  Ocean.  The  county  lies  entirely 
within  the  basin  of  Puget  Sound  and  the  surface  is  essentially  that  of 
a  low  plain.  For  the  most  part  the  plain  is  quite  level,  with  here  and 
there  occasional  low  hills.  In  the  western  part  of  the  county  the  Black 
Hills  rise  300  or  400  feet  above  the  general  level.  In  the  southeastern 
part  of  the  county  there  are  a  few  low  hills  which  mark  the  extreme 
outliers  of  the  Cascades.  The  Puget  Sound  shore  is  very  irregular, 
abounding  in  indentations  and  bordered  by  numerous  islands. 

In  the  central  part  of  the  county  the  annual  rainfall  averages  50 
inches.  In  the  eastern  and  western  pai*ts  it  is  60  inches  or  a  little 
more.  The  precipitation  is  practically  altogether  in  the  form  of  rain, 
since  falls  of  snow  occur  very  rarely. 

The  bed  rock  is  not  often  exposed  in  Thurston  County.  In  the 
neighborhood  of  Tenino  and  Bucoda  there  are  occasional  outcrops  of 
sandstone,  which  are  of  economic  importance,  as  they  afford  a  good 
grade  of  building  stone,  and  also  contain  coal,  which  has  been  mined 
to  some  extent.  In  the  northwestern  part  of  the  county,  at  Gate,  there 
are  several  outcrops  of  basalt,  but  how  far  north,  within  the  Black 
Hills,  this  rock  extends  is  not  known.  Glacial  sediments  abound 
over  nearly  the  entire  county.  These  sediments  are  usually  coarse 
gravels  which  represent  outwash  plains.  Oftentimes  the  gravel  plains 
are  soil  covered  to  such  a  slight  degree  that  they  are  almost  barren. 
Upon  the  plains  the  forest  growth  when  present  is  very  sparse  and 
prairie  conditions  often  prevail.  The  rainwater  sinks  away  quickly 
into  the  gravels  and  the  drainage  is  largely  underground.  The  streams 
are  few,  only  the  larger  ones  flowing  persistently  throughout  the  year. 
Occasionally  a  good  soil  covers  the  gravel  plains  and  good  farming 
land  is  found.  The  hills  noted  above  are  heavily  forested,  and  from 
them  several  streams  flow  out  upon  the  plains.  An  ample  supply  of 
water  is  easily  obtained  throughout  the  county.  Within  the  region 
of  the  gravel  plains  water  is  often  obtained  from  springs  and  may 
always  be  had  by  means  of  wells,  which  rarely  exceed  50  feet  in  depth. 
From  the  beds  of  sand  and  gravel  in  the  vicinity  of  Olympia  excellent 
water  has  been  obtained  from  wells  that  vary  from  125  to  175  feet  in 
depth,  the  water  sometimes  outflowing  at  the  surface. 

Mmiiclpal  systeniH. — The  water  supply  for  Olympia  is  obtained  from 
springs.  The  water  is  pumped  into  a  reservoir,  from  which  it  is  dis- 
tributed by  a  gravity  system.  At  the  present  time  about  3,000,000 
gallons  per  day  are  obtained.  This  will  doubtless  prove  suflScient  for 
all  future  needs. 
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The  Tenino  water  supply  comes  entirely  from  wells,  which  have  an 
average  depth  of  about  35  feet  and  are  wholly  in  sand  and  gravel. 
The  supply  of  water,  while  ample  for  present  needs,  will  doubtless  have 
to  be  superseded  by  a  larger  supply  in  the  future. 

Deep  wells. — On  the  capitol  grounds  in  Olympia  some  wells  have 
recently  been  drilled  in  order  to  secure  a  water  supply  for  the  capitol 
building.  No  rock  was  penetrated  in  drilling  the  wells,  the  water- 
bearing material  being  sand.  Two  of  these  wells  have  depths  of  152 
feet  each,  and  the  third  has  a  depth  of  138  feet.  Each  well  has  a 
diameter  of  2  inches.  They  are  all  flowing  wells,  the  water  rising 
about  2  feet  above  the  ground.  From  the  deeper  wells  flows  of  6  and 
4  gallons  per  minute  are  obtained,  while  from  the  third  well  a  flow  of 
2  gallons  per  minute  is  had.  The  wells  are  located  about  one-fourth 
mile  from  the  shore  of  Puget  Sound  and  their  mouths  are  25  or  30 
feet  above  mean  tide.  The  rate  of  flow  diminishes  at  low  tide  and 
increases  at  high  tide.  The  wells  have  been  cased  throughout  with 
2-inch  casing.    The  cost  of  drilling  the  wells  was  %\  per  foot. 

WAIiliAWAIiliA  COUNTT. 

Oeneral  statement. — Wallawalla  County  is  located  in  the  south- 
eastern part  of  the  State,  along  the  Oregon  boundary,  and  east  of 
Columbia  and  Spokane  rivers.  The  region  along  Columbia  River  is 
very  low,  being  but  300  or  400  feet  above  the  sea.  From  this  low 
plain  there  is  a  gradual  ascent  eastward  in  the  direction  of  the  Blue 
Mountains.  The  eastern  part 'of  the  county  is  a  region  of  high,  rolling 
hills,  with  deep  ravines  or  valleys.  The  hills  in  outline  show  the 
influence  of  the  wind,  and  many  of  them  are  essentially  of  eolian 
origin.  The  prevailing  winds  are  from  the  southwest,  and  hence  the 
hills  have  their  more  moderate  slopes  upon  their  southwestern  sides, 
while  their  steeper  slopes  are  to  the  northeast. 

The  rainfall  shows  a  very  close  relationship  to  elevation.  In  the 
lowest  p)art,  along  Columbia  River,  the  annual  rainfall  amounts  to  10 
inches  or  a  little  less.  In  a  north-south  belt  through  the  center  of 
the  county  it  is  15  inches,  and  in  the  eastern  part  it  reaches  20  or  25 
inches.  This  is  suflScient  to  afford  a  tree  growth  which,  though 
sparse  at  first,  becomes  of  considerable  importance  when  the  summit 
of  the  Blue  Mountains  is  reached.  Through  the  central  part  of  the 
county  trees  do  not  grow  naturally,  and  prairie  conditions  prevail.  At 
the  western  end  of  the  county,  where  the  rainfall  is  least,  grasses  give 
way  to  sagebrush.  In  this  part  of  the  county  irrigation  is  necessary 
in  order  that  agriculture  may  be  carried  on  successfully.  The  rolling 
prairies  of  the  major  portion  of  the  county  are  famous  wheat  pro- 
ducers, and  in  the  neighborhood  of  Walla  Walla  very  fine  fruit  is 
raised. 
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la  the  northwestern  part  of  the  county  the  rocks  are  in  the  main 
sandstones  and  shales,  which  were  deposited  in  a  lake  in  middle  Ter- 
tiary time.  Along  the  Snake  and  the  Columbia  these  rocks  are  largely 
covered  by  alluvial  deposits.  In  the  remaining  part  of  the  county  the 
bed  rock,  as  far  as  known,  is  altogether  basalt.  Usually  the  rock  is 
deeply  buried  by  the  heav}^  mantle  of  soil,  and  outcrops  but  rarel3\ 
Springs  often  occur  along  the  bases  of  the  hillsides,  wherever  porous 
basalt  appears  at  the  surface.  The  wells  are  usually  shallow  and  dug 
entirely  within  the  soil.  The  deep  well  which  has  recently  been  drilled 
near  Walla  Walla  is  of  great  importance,  since  it  has  established  the 
fact  that  an  artesian  basin  exists  here,  and  that  flowing  water  may  be 
secured  at  depths  of  from  500  to  600  feet. 

Municipal  systems, — The  water  supply  of  Walla  Walla  is  secured 
chiefly  from  springs,  but  in  part  from  infiltration  ditches.  The  amount 
of  water  is  barely  suflScient  in  the  dry  season,  and  a  larger  supply  is 
now  being  developed  at  a  point  about  3  miles  above  the  city. 

A  sanitar}^  analyses  of  the  Walla  Walla  city  water,  made  on  April 
12,  1901,  by  Prof.  H.  G.  Byers,  of  the  University  of  Washington, 
resulted  as  follows: 

Sanitary  analysis  of  city  tvcUer  from  Walla  Walla. 

[Parts  per  million.] 

Total  solids 81.67 

Nonvolatile  solids 62.86 

Volatile  solids 18.81 

Oxygen  consumed 2. 89 

Chlorine .' 1.50 

Nitrogen  as  free  amonia 008 

Nitrogen  as  albuminoid  ammonia 0267 

Nitrogen  as  nitrites None. 

Nitrogen  as  nitrates 452 

Waitsburg  obtains  a  water  supply  from  springs  in  autumn,  winter, 
and  spring,  and  from  a  creek  in  summer.  The  springs  afford  excellent 
water,  and  it  is  planned  to  replace  the  creek  water  by  water  from  deep 
wells.  A  gravity  system  of  waterworks  is  In  use.  The  wells  about 
Waitsburg  vary  in  depth,  the  shallow  ones  being  wholly  in  soil  and 
broken  rock,  while  the  deeper  ones  enter  the  bed  rock.  In  wells  of 
the  first  type  water  is  usually  found  at  15  to  25  feet,  while  in  the 
second  instance  the  usual  depth  is  40  feet. 

Deej)  wells. — On  the  farm  of  the  Blalock  Fruit  Company,  near  Walla 
Walla,  a  well  has  recently^  been  drilled  (completed  May  1,  1903).  It 
has  a  diameter  of  6  inches  and  a  depth  of  564  feet.  The  first  rock 
encountered  was  basalt,  at  a  depth  of  540  feet.  The  well  is  a  flowing 
one,  the  rate  of  flow  being  130  gallons  per  minute.  The  temperature 
of  the  water  at  the  well  mouth  is  67*^  F.  The  well  has  been  cased  to  a 
depth  of  540  feet.  The  water  is  used  in  irrigation.  The  cost  of  drill- 
ing the  well  was  $1,800. 
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WHATCOM  COUNTY. 

General  statement, — Whatcom  County  lies  in  the  northwestern  '^>art 
of  the  State,  adjoining  British  (Columbia,  and  extends  from  the  summit 
of  the  Cascades  to  the  Strait  of  Georgia.  Topographically  the  surface 
presents  two  distinct  divisions,  the  plain  of  the  western  half  and  the 
high  mountains  of  the  eastern  part.  The  average  height  of  the  plain 
is  200  or  300  feet  above  the  sea.  In  the  southeastern  part  of  the 
county  are  a  number  of  high  hills,  which  give  to  the  plain  a  broken 
character.  The  mountains  begin  somewhat  abruptly,  the  transition 
from  the  plain  to  the  real  mountains  being  quickly  made.  The  highest 
peak,  Mount  Baker,  stands  at  the  western  front  of  the  Cascades,  and 
from  this  point  to  the  divide  on  the  east  the  whole  area  is  very  rugged. 
The  high  mountains  have  been  deeply  dissected,  and  this  region  is 
regarded  as  one  of  the  most  difficult  to  penetrate  in  the  entire 
Cascades. 

The  maximum  rainfall  is  45  inches  per  year.  This  occurs  in  a 
north-south  belt  in  the  vicinity  of  Mount  Baker  and  also  in  the  north- 
west corner  of  the  county.  From  Mount  Baker  eastward  there  is  a 
gradual  decrease  in  the  rainfall,  so  that  the  amount  is  about  30  inches 
on  the  border  of  the  county.  Southwest  of  Mount  Baker,  also,  the 
rainfall  decreases  to  35  inches  in  the  vicinity  of  Bellingham  Bay. 
Mount  Baker  and  all  of  the  highest  mountains  are  covered  with  snow 
fields  and  glaciers.  These  serve  as  reservoirs  and  assure  a  constant 
flow  to  the  streams  throughout  the  year.  The  abundance  of  precipi- 
tation and  the  great  elevations  of  the  region  give  rise  to  waterfalls, 
which  will  be  of  great  usefulness  for  power  purposes.  The  falls  of 
the  Nooksack,  with  an  effective  head  of  water  of  179  feet,  are  now 
being  developed. 

What  is  now  the  western  part  of  the  county  was  a  large  lake  in 
Tertiary  (probably  Oligocene)  time.  The  deposits  made  in  this  lake 
were  mainly  sandstones,  with  some  conglomerate  and  a  little  shale. 
These  rocks  outcrop  very  commonly  in  the  southeastern  part  of  the 
county,  but  in  the  northwestern  portion  they  are  almost  entirely 
covered  with  glacial  sediments.  The  lacustrine  sediments  aggregate 
many  thousands  of  feet  in  thickness,  their  extent  in  this  direction 
being  as  yet  unknown.  They  are  coal  bearing  near  the  base.  The 
principal  mines  for  the  mining  of  this  coal  are  located  at  Blue  Canyon, 
on  the  shore  of  Lake  Whatcom.  The  mountainous  part  of  the  county 
is  virtually  unknown  geologically,  but  the  rocks  are  chiefly  metamor- 
phics  and  igneous  iutrusions,  with  great  lava  flows  in  the  vicinity  of 
Mount  Baker. 

Whatcom  County  is  abundantly  supplied  with  water.  The  moun- 
tain streams  furnish  a  large  amount  of  excellent  water  for  the  use  of 
the  towns  upon  the  plains.     There  are  also  a  number  of  glacial  lakes. 
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such  as  Whatcom,  Padden,  and  Samish,  which  are  natural  reservoirs 
of  good  water.  From  the  glacial  sediments  of  the  northwestern  part 
of  the  county  large  quantities  of  water  are  obtained  from  springs  or 
by  means  of  wells.  The  glacial  sediments  are  usually  made  up  of 
alternating  beds  of  till  and  water-bearing  gravel  and  sand,  and  sur- 
face contamination  is  thereby  eliminated. 

Municipal  systems. — The  water  supply  for  Blaine  comes  from 
springs.  The  water  flows  into  a  reservoir,  from  which  it  is  distributed 
by  gravity.  The  quality  of  water  is  very  good,  and  the  quantity 
suflScient  for  all  future  needs.  The  wells  in  use  about  Blaine  are 
shallow,  ordinarily  not  more  than  14  feet  in  depth.  Water  is  found 
in  gravel,  usually  at  a  depth  of  10  feet.  The  town  supply  is  used  in 
the  boilers  of  sawmills,  and  in  the  salmon  canneries,  and  for  general 
domestic  purposes. 

Fairhaven  obtains  a  water  supply  from  Lake  Padden,  a  glacial  lake 
south  of  the  city.  A  gravity  system  of  waterworks  is  used.  A  large 
amount  of  water  may  be  obtained  from  this  lake,  but  if  the  supply 
should  ever  be  insufficient  water  may  also  be  taken  from  the  South 
Fork  of  Nooksak  River  or  from  Lake  Samish.  The  water  from  Lake 
Padden  is  very  pure,  as  is  shown  by  the  following  analysis,  made  by 
the  Deakbof  Drug  and  Chemical  Company,  of  Chicago: 

Analysis  of  water  from  Lake  Padden, 

[Qrain8  per  gallon.] 

SiUca 0.467 

Galciam  sulphate 329 

Magnesiom  carbonate 129 

Sodium  and  potaasium  sulphates 606 

Sodium  and  potassium  chlorides 1 401 

Iron  oxide None. 

Total  solids 1.932 

In  Sumas  wells  are  depended  upon,  primarily,  as  a  source  of  water 
supply,  although  some  small  streams  are  used  to  a  slight  degree. 
Water  obtained  in  this  way  is  of  good  quality,  although  the  quantity 
is  hardly  sufficient  for  present  needs,  and  some  other  source  must  be 
provided  in  the  future.  It  has  been  suggested  that  a  deep  well  be 
bored  as  a  future  source  of  supply.  Wells  in  and  about  the  town  of 
Sumas  are  driven  wells,  for  the  most  part,  and  have  a  range  in  depth 
of  40  to  90  feet.  Water  is  most  commonly  found  between  40  and 
60  feet.  The  glacial  sediments  about  Sumas  are  thick,  and  the  wells 
have  been  driven  entirely  in  these.  Beds  of  clay  were  usually 
encountered  first,  with  beds  of  sand  and  gravel  below,  from  which  the 
water  was  obtained.  In  a  few  instances  the  water  in  the  wells  rises 
to  the  surface.  The  water  level  varies  but  very  little  from  season  to 
season. 
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The  city  of  Whatcom  obtains  its  water  supply  from  Lake  Whatcom. 
The  lake  is  several  square  miles  in  area  and  is  located  in  the  hills 
southwest  of  the  city.  It  lies  at  a  sufficient  heig^ht  above  the  level  of 
the  town  to  give  a  good  head  to  the  water,  so  that  a  gravity  system 
of  waterworks  may  be  used.  The  water  is  of  excellent  quality,  the 
only  sources  of  contamination  being  sawdust  and  other  refuse  from 
the  sawmills  on  the  shores  of  the  lake.  The  catchment  basin  of  the 
lake  is  of  ample  size  and  insures  a  large  storage  of  water  in  the  lake 
basin,  so  that  the  water  supply  will  be  sufficient  for  all  the  future  needs 
of  the  city.  The  water  is  used  for  domestic  purposes  and  in  the  many 
manufacturing  plants  which  are  located  about  Whatcom.  The  follow- 
ing sanitary  analysis  of  water  from  Lake  Whatcom  was  made  March  16, 
1901,  by  Prof.  H.  G.  Byers,  of  the  University  of  Washington: 

AncUym  of  water  of  Lake  Whatcom. 

[Farts  per  million.] 

Total  Bolids 168.86 

Nonvolatile  soiids 116. 52 

Volatile  solidfl 42.34 

Orjfe&a.  consumed ^ 2. 03 

Chlorine 3.80 

Nitrofcen  as  free  ammonia — '. 004 

Nhzpgen  as  albuminoid  ammonia 033 

Nitrogen  as  nitrites None. 

Nitrogoi  as  nitrates None. 

WHITMAN  COUNTY. 

General  statement. — Whitman  County  lies  along  the  Idaho  boundary, 
south  of  Spokane  County  and  east  of  Adams  County.  The  surface  is 
in  general  that  of  a  plateau,  with  an  average  height  of  about  2,000  feet 
above  the  sea.  Rising  above  the  plateau,  especially  along  the  eastern 
border  of  the  county,  are  several  high  hills  which  represent  the  extreme 
outliers  of  the  mountains  of  Idaho.  Of  such  hills  Steptoe  Butte  is  a 
good  example,  rising  about  700  feet  above  the  plateau.  The  plateau 
is  generally  covered  with  low  hills  of  a  marked  eolian  type.  From  the 
profiles  of  these  hills  it  is  seen  that  the  prevailing  winds  which  fashioned 
them  came  from  the  southwest.  Along  the  southern  border  of  the 
county  Snake  River  flows  in  a  canyon  which  has  a  depth  of  from  2,000 
to  3,000  feet  below  the  level  of  the  plateau.  The  principal  tributaries 
of  the  Snake  within  the  county  likewise  flow  in  canyons,  and  hence 
indicate  that  the  dissection  of  the  plateau  is  under  way. 

The  average  rainfall  is  about  20  inches.  This  decreases  to  15  inches 
along  the  western  border  and  increases  to  25  inches  in  the  higher 
portion  along  the  eastern  boundary.  With  the  exception  of  a  slight, 
forest  growth  on  the  eastern  margin  and  of  a  few  trees  which  grow  in 
the  valleys  along  the  streams,  the  entire  county  was  once  clothed  with 
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grasses.  The  rainfall  is  of  sufficient  amount  to  make  the  growth  of 
wheat  possible,  so  that  wheat  fields  now  cover  almost  every  part  of 
the  plateau.  Irrigation  is  employed  only  in  the  canyons  of  the  larger 
streams,  such  as  the  Snake.  Upon  the  terraces  or  benches  that  border 
the  latter  river  large  fruit  ranches  are  found,  the  water  for  irrigation 
being  supplied  by  the  small  tributary  streams. 

In  the  plateau  above  mentioned  basalt  forms  the  bed  rock  almost 
exclusively.  The  few  buttes  or  hills  along  the  eastern  boundar3% 
which  project  above  the  plateau,  are  composed  of  granites,  gneisses, 
schists,  quartzites,  and  similar  rocks,  which  indicate  the  character  of 
the  floor  upon  which  the  basalt  outflowed.  Along  the  canyon  of  Snake 
River  in  two  or  three  places  granite  appears,  showing  that  the  river 
in  trenching  the  basalt  is  bringing  to  light  the  rocks  beneath  it.  The 
walls  of  the  canyon  of  Snake  River  show  the  basalt  in  a  series  of 
8  or  10  pi'actically  horizontal  flows.  The  plateau  is  covered  with  a 
deep  soil  and  the  underlying  rock  rarely  appears.  Because  of  its 
eolian  nature  the  soil  is  of  a  very  fine  grain  and  has  the  property  of 
retaining  moisture  to  a  very  marked  degree.  Oftentimes  wells  dug 
only  into  the  soil  afford  a  good  supply  of  water.  The  towns  usually 
depend  upon  deeper  wells  drilled  into  the  basalt  for  their  water  sup- 
plies. As  a  general  thing  these  wells  range  in  depth  from  100  to  300 
feet.  In  some  instances,  as  at  Pullman,  water  is  obtained  from  beds 
of  sand  and  gravel  between  the  layers  of  basalt.  In  other  cases  very 
porous  layers  of  basalt  often  afford  a  plentiful  supply  of  water.  In 
some  cases  flowing  wells  are  secured,  this  being  especially  true  when 
the  wells  are  drilled  in  the  bottoms  of  the  canyons  or  in  deep  valleys. 
Springs  are  very  common  along  the  valley  sides  wherever  porous 
basalt  appears  at  the  surface. 

Municipal  systems. — Colfax  obtains  its  city  supply  from  Palouse 
River.  In  this  way  very  good  water  is  obtained;  but  it  is  possible 
that  in  the  future  deep  wells  may  be  substituted  as  a  source  of  supply. 
The  water  is  pumped  into  a  reservoir  located  on  a  hill  above  the  city, 
from  which  it  is  distributed  by  gravity.  The  wells  about  Colfax 
range  from  12  to  120  feet  in  depth.  Water  is  usually  found  at  a 
depth  of  about  40  feet.  All  the  deeper  wells  enter  the  rock,  which  is 
basalt.  No  flowing  wells  have  been  found;  in  every  instance  the  water 
must  be  pumped. 

Oakesdale  depends  chiefly  upon  wells,  although  a  few  springs  and 
cisterns  are  used.  At  some  places  the  water  is  soft,  but  at  othet  places 
it  is  hard.  Generally  speaking,  there  are  no  sources  of  contamination 
and  the  water  is  quite  satisfactory.  The  wells  on  the  hills  about  Oakes- 
dale have  been  sunk  to  depths  of  from  45  to  60  feet  in  order  to  obtain 
water.  On  the  plain  at  the  foot  of  the  hills  they  are  shallow,  ranging 
from  10  to  15  feet  in  depth.  In  the  shallow  wells  a  clay  hardpan  with 
sand  and  gravel  below  are  the  only  materials  penetrated,  while  all  the 
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aeeper  wells  enter  the  basaltic  rock.     The  supply  of  water  in  the  wells 
is  stationary,  neither  increasing  nor  decreasing  as  far  as  known. 

Pullman  obtains  a  water  supply  from  artesian  wells.  The  wells 
vary  in  depth  from  100  to  130  feet,  water  being  most  commonly  found 
at  100  feet.  The  wells  are  in  basaltic  rock,  the  water  coming  from 
beds  of  sand  interstratified  with  the  layers  of  basalt.  About  150,000 
gallons  of  water  are  obtained  daily.  The  capacity  of  the  wells,  how- 
ever, is  such  that  this  supply  could  be  doubled  if  it  were  necessary. 
It  is  noted  that  the  wells  do  not  flow  as  strongly  as  they  did  when  they 
were  first  drilled.  A  gravity  system  of  waterworks  is  used,  the  water 
being  first  lifted  by  steam  pumps  from  the  wells  to  a  reservoir.  An 
analysis  of  the  city  water,  made  by  Prof.  Elton  Fulmer,  of  the  Wash- 
ington Agricultural  College  and  School  of  Science,  shows  the  follow- 
ing composition: 

Analysis  of  city  water  from  Pullman. 

[Grains  per  gallon.] 

Smca(SiO,) 3.49 

Potash  (K,0) 50 

Soda(Na,0) 1.75 

Lime  (CaO) 1.86 

Magnesia  (MgO) 1.31 

Iron  oxide  (Fe,0,) 06 

Alumina  (Al,Os) 03 

Sulphuric  acid  (SOj) .08 

Carbonic  acid  (CO,) 3.73 

Chlorine 15 

Total  solids ^ 12.96 

Tekoa  depends  entirely  upon  an  artesian  well  for  its  water  supply. 
From  this  well  water  of  a  good  quality  is  obtained,  there  being  no 
contamination  as  far  as  known.  The  supply  is  at  present  sufficient, 
but  will  not  be  large  enough  in  the  future.  In  the  region  about 
Tekoa  water  is  most  commonly  found  at  a  depth  of  about  100  feet, 
although  some  of  the  wells  reach  depths  of  175  feet.  All  of  the  wells 
enter  rock.  In  most  instances  the  water  rises  to  the  surface,  and  in 
some  cases  reaches  a  height  of  10  feet  above  the  mouth  of  the  well. 

Uniontown  obtains  its  water  supply  from  a  deep  well.  The  water 
is  soft  and  very  satisfactory  in  every  way,  and  the  quantity  is  ample 
for  present  needs  at  least.  The  deepest  wells  about  Uniontown  have 
a  depth  of  about  200  feet.  These  wells  enter  the  rock  and  obtain  water 
from  beds  of  sand  and  gravel  intercalated  with  basalt.  There  are 
some  surface  wells  which  do  not  enter  the  rock  and  which  are  from  7 
to  10  feet  in  depth.  In  none  of  the  wells  does  the  water  rise  to  the 
surface.  The  water  level  does  not  vary  during  the  day  or  year  and  is 
not  affected  by  pumping. 

Deep  welh. — About  Palouse  a  number  of  wells  have  been  drilled. 
In  general  they  have  a  diameter  of  6  inches  and  a  depth  of  from  100 
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to  300  feet.  The  depth  to  the  principal  source  of  water  is,  on  the 
average,  150  feet.  The  water  is  found  in  beds  of  sand  which  lie 
below  a  capping  of  basalt.  From  some  of  the  wells  the  water  flows, 
while  in  others  the  water  level  stands  below  the  surface  and  pumping 
must  be  resorted  to.  The  level  does  not  vary  during  the  day  or  year, 
the  supply  being  constant  from  season  to  season.  The  water  as  a  rule 
is  hard,  generally  containing  magnesia  and  iron.  The  usual  tempera- 
ture of  the  water  at  the  well  mouth  is  50^  F.  The  wells  are  mostly 
owned  by  farmers,  and  the  water  is  used  for  general  farm  supply. 
The  average  cost  of  a  well  is  $300,  while  the  pumping  machinery  costs 
from  $100  to  $200.  As  a  rule  the  wells  are  only  partially  cased,  the 
length  of  casing  varying  from  20  to  120  feet. 

In  and  about  the  city  of  Pullman  are  a  number  of  artesian  wells,  of 
which  the  two  owned  by  the  city  and  used  as  a  source  of  municipal 
water  supply  may  be  taken  as  types.  One  of  these  wells  was  drilled 
in  1890  and  the  other  in  1899.  They  are  located  near  the  bed  of  a 
stream  which  flows  through  the  center  of  the  city.  The  mouths  of  the 
wells  are  at  an  elevation  of  2,341  feet  above  the  sea.  Each  well  has  a 
depth  of  110  feet,  with  a  diameter  of  6  inches:  The  wells  flow  and  the 
water  rises  to  a  height  of  19  feet  above  the  surface.  The  temperature 
of  the  water  at  the  well  mouth  is  about  60^  F.  The  supply  of  water 
has  decreased  since  the  wells  were  drilled.  Both  wells  are  cased 
throughout  with  6-inch  heavy  wrought-iron  pipe.  The  cost  of  each 
well  was  about  $450,  and  the  cost  of  the  pumping  machinery  necessary 
to  lift  the  water  to  the  reservoir  was  about  $3,000. 

In  Tekoa  there  is  an  artesian  well  that  was  drilled  in  1892  to  serve 
as  a  source  of  water  supply  for  the  town.  The  well  was  drilled  on  a 
stream  bed.  It  has  a  depth  of  176  feet  and  a  diameter  of  6  inches.  Only 
one  water-bearing  bed  was  found,  that  at  the  bottom  of  the  well.  The 
water  rises  to  a  height  of  8  feet  above  the  surface,  and  has  a  tempera- 
ture of  76^  F.  at  the  well  mouth.  The  water  level  has  shown  no  sea- 
sonal variation,  and  the  supply  has  been  constant.  The  cost  of  the 
well  was  $750,  and  the  cost  of  the  pumping  machinery  was  $1,000. 
The  casing  has  been  placed  in  the  well  only  from  the  surface  to  solid 
rock.  The  Oregon  Railroad  and  Navigation  Company  owns  a  deep 
well  at  this  place,  from  which  is  obtained  a  water  supply  for  loco- 
motives. 

YAKIMA  COUNTY. 

General  statement, — Yakima  County  is  located  in  the  south-central 
part  of  Washington,  between  Columbia  River  and  the  summit  of  the 
Cascade  Mountains.  The  surface  presents  a  great  diversity  topo- 
graphically. Columbia  and  Yakima  rivers  are  bordered  by  broad,  low 
plains.  Between  these  streams  are  a  number  of  ridges  or  low  moun- 
tains which  rise  a  few  hundred  feet  above  the  general  level  of  the 
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plaio.  Southwest  and  west  of  Yakima  River  the  plain  merges  into  an 
even-topped  plateau,  which  in  the  course  of  20  or  30  miles  gives  way 
to  the  foothills  of  the  Cascades.  The  mountains  are  comparatively 
low,  with  a  general  height  of  4,000  to  5,000  feet,  except  in  the 
vicinity  of  Mount  Adams,  in  the  southwestern  part  of  the  county, 
where  they  are  much  higher,  reaching  a  maximum  of  12,400  feet 

As  the  county  lies  partly  within  the  Cascade  Mountains  and  partly 
within  the  Columbia  Plains,  it  has  geologic  features  common  to  both 
provinces.  The  formations  of  those  portions  of  the  Cascades  within 
the  county  are  scarcely  known  at  all,  but  are  believed  to  consist  mainly 
of  metamorphic  and  igneous  rocks  typical  of  the  interior  of  the 
range.  Immediately  east  of  Cowlitz  Pass  are  limited  areas  of  Tertiary 
shales  and  sandstones  which  contain  seams  of  coal.  The  coal  is  a  semi- 
anthracite,  or  a  true  anthracite  in  some  cases.  Along  the  eastern  flank 
of  the  mountains  are  occasional  flows  of  andesite,  most  of  which  are 
of  a  very  late  date. 

The  eastern  part  of  the  county  lies  within  the  Columbia  Plains,  and 
here  the  rocks  belong  almost  wholly  to  two  divisions,  viz,  the  Yakima 
basalt  and  the  Ellensburg  formation.  The  Yakima  basalt,  according 
to  Smith,  has  a  vertical  thickness  in  the  canyon  of  Yakima  River  of 
more  than  2,500  feet,  and  represents  ten  or  more  separate  flows.  For 
the  most  part  the  basalt  is  compact  and  heavy,  but  occasionally  it  is 
cellular  or  scoriaceous.  In  color  it  is  black,  except  on  weathered  sur- 
faces, where  it  usually  has  become  brown.  In  a  few  instances  the 
so-called  ash  beds,  consisting  of  fine  and  coarse  tuffs,  are  found  inter- 
bedded  with  the  dense  compact  basalt.  The  latter  has  usually  a  pris- 
matic or  columnar  structure,  the  result  of  the  contraction  or  shrink- 
age of  the  lava  in  the  process  of  cooling.  The  Ellensburg  formation 
lies  directly  on  the  Yakima  basalt,  and  includes  shales,  sandstones,  and 
conglomerates  that,  in  the  main,  were  deposited  immediately  after  the 
last  flows  of  lava.  In  some  places  there  was  a  final  outflow  of  lava  a 
little  while  after  the  beginning  of  the  deposition  of  the  clastic  rocks. 
The  sediments  of  the  Ellensburg  formation  accumulated  to  a  thickness 
of  1,500  feet  or  more,  and  on  the  evidence  of  fossil  leaves  are  known 
to  be  of  Miocene  age.  These  rocks  are  but  partially  consolidated,  and 
have  suffered  considerable  erosion,  with  the  result  that  they  have  been 
wholly  or  in  large  part  removed  from  much  of  the  area  that  they  once 
covered.  This  formation  is  of  special  interest.  It  contains  water,  and 
within  it  the  artesian  wells  of  the  county  have  been  drilled. 

The  Yakima  basalt  and  the  Ellensburg  formation  have  been  folded 
into  a  series  of  arches  and  troughs,  or  anticlines  and  synclines,  that 
have,  in  general,  an  east-west  direction.  The  general  structure  of 
the  region  is  well  shown  along  the  course  of  Yakima  River,  which  has 
cut  directly  or  obliquely  across  the  ridges  and  alternating  troughs. 
As  a  rule  the  arches  or  ridges  are  comparatively  long  and  narrow,  and 
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rise  from  800  to  1,500  feet  above  the  intervening  valleys.  The  arches 
are  almost  invariably  capped  by  basalt,  the  rocks  of  the  Ellensburg 
formation  being  limited  to  the  valleys  and  the  lower  flanks  of  the  ridges. 

The  rainfall  of  Yakima  County  shows  as  great  a  variation  in  amount 
as  is  to  be  found  in  any  area  of  similar  size  within  the  State.  In  the 
eastern  portion  the  annual  rainfall  averages  10  inches  or  a  little  less. 
From  the  vicinity  of  North  Yakima  westward  it  increases  regularly 
toward  the  summit  of  the  mountains.  Upon  the  plateau  it  ranges  from 
15  to  25  inches.  In  the  mountains  it  varies  from  30  inches  in  the  foot- 
hills to  a  maximum  of  50  inches  along  the  summit.  The  effect  of  the 
minfall  upon  the  vegetation  is  of  interest.  The  western  end  of  the 
county  is  so  well  forested  that  it  is  included  within  the  Mount  Rainier 
Forest  Reserve.  The  plateaus  and  hills  of  the  central  and  eastern 
parts  are  bare  of  trees,  but  are  abundantly  covered  with  grasses. 
Along  the  low  plains  of  Yakima  and  Columbia  rivers  the  grasses 
largely  disappear  and  sagebrush  takes  their  place  as  the  principal  veg- 
etal covering.  Except  for  the  growing  of  wheat  upon  the  plateaus,  no 
attempt  is  made  to  carry  on  agriculture  without  recourse  to  irrigation. 
The  water  for  irrigation  is  obtained  chiefly  from  the  streams,  but  to 
some  extent  from  artesian  wells.  The  streams  coming  from  the  moun- 
tains, where  the  rainfall  is  heavy,  carry  a  large  amount  of  water. 
Even  without  the  use  of  impounding  reservoirs,  enough  water  may  be 
had  to  irrigate  a  large  part  of  the  plains.  In  the  vicinity  of  North 
Yakima  a  number  of  deep  wells  have  been  drilled,  which  furnish  suffi- 
cient water  to  irrigate  large  tracts  of  land.  The  character  and  extent 
of  this  artesian  basin  have  been  set  forth  in  Water-Supply  and  Irriga- 
tion Paper  of  the  United  States  Geological  Survey,  No.  55.  The  towns, 
as  a  rule,  depend  upon  streams  for  their  supply  of  water,  although  sur- 
face wells  are  frequently  used.  Upon  the  plateaus  and  about  the  foot- 
hills springs  are  often  found,  some  of  which  might  be  classed  as  mineral 
springs. 

Municipal  syaterm.—  North  Yakima  obtains  its  supply  of  water  from 
Naches  River.  The  quantity  obtained  is  sufficient  for  the  present 
and  probably  for  all  future  needs.  The  Naches  rises  in  the  foot- 
hills of  the  Cascades,  and  as  there  are  no  sources  of  contamination  the 
quality  of  water  is  good.  A  few  wells  are  used  about  North  Yakima. 
They  range  in  depth  from  18  to  25  feet  and  are  wholly  in  sand  and 
gravel.  The  city  water  supply  is  used  to  a  very  large  degree  for  irri- 
gating, besides  serving  as  a  domestic  supply. 

A  sanitary  analysis  of  water  from  the  North  Yakima  city  supply, 
made  on  April  8,  1901,  by  Prof.  H.  G.  Byers,  of  the  University  of 
Washington,  resulted  as  follows: 
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Sanitary  analysis  of  city  water  at  North  Yakima, 

[Parts  per  million.] 

fotal  solids 169.53 

Nonvolatile  solids 114. 85 

Volatile  solids  1 54.68 

Oxygen  consumed 1. 79 

Chlorine 2. 75 

Nitrogen  as  free  ammonia 008 

Nitrogen  as  albimiinoid  ammonia 0177 

Nitrc^en  as  nitrites None. 

Nitrogen  as  nitrates None. 

The  town  of  Prosser  obtains  a  water  supply  from  Yakima  River. 
The  river  gets  very  low  in  autumn  and  may  not  afford  suflScient  water 
to  meet  the  future  needs  of  the  town.  The  water  is  pumped  into  a 
reservoir  and  is  distributed  by  a  gravity  system.  A  few  wells  have 
been  dug  in  the  region,  and  these  have  a  depth  ordinarily  of  about  40 
feet.     They  do  not  enter  bed  rock,  but  are  wholly  in  gravel. 

Deep  wells,  — In  sec.  4,  T.  20  N. ,  K.  1 2  E. ,  is  a  deep  well  owned  by  F.  E. 
Deeringhoff.  It  is  located  on  a  gentle  slope  at  an  elevation  of  about 
1,100  feet  above  the  sea.  It  was  completed  in  April,  1899.  The  well 
was  drilled  to  a  depth  of  275  feet  and  then  bored  for  the  remainder  of 
the  way,  a  distance  of  350  feet.  The  drilled  portion  has  a  diameter  of 
5  J  inches,  while  the  bored  part  has  a  diameter  of  3  inches.  Three  water- 
bearing beds  were  found,  the  first  at  a  depth  of  200  feet,  the  second  at 
400  feet,  and  the  third  and  principal  one  at  625  feet.  The  principal 
water-bearing  material  is  sand.  When  the  well  was  completed  the 
water  rose  to  a  height  of  40  feet  above  the  surface,  but  at  present  it 
rises  to  a  height  of  but  1  foot  above  the  well  mouth.  The  temperature 
of  the  water  at  the  surface  is  74^  F.  The  water  is  soft  and  is  sulphur 
bearing  to  a  slight  degree.  In  casing  the  well  40  feet  of  5-inch,  120 
feet  of  4-inch,  and  80  feet  of  3-inch  pipe  were  used.  The  water  is 
used  entirely  for  irrigation. 

In  sec.  8,  T.  12  N.,  R.  20  E.,  J.  H.  Gano  has  an  artesian  well  located 
on  a  plain.  The  well  was  drilled,  and  has  a  depth  of  826  feet.  In  the 
upper  portion  the  diameter  is  4  inches,  while  in  the  lower  portion  it 
is  only  2i  inches.  Water-bearing  beds  were  found  at  depths  of  300 
and  400  feet,  besides  the  principal  bed  at  the  bottom.  The  tempera- 
ture of  the  water  at  the  well  mouth  is  78°  F.  The  water  rises  40  feet 
above  the  surface.  The  supply  has  not  decreased  since  the  well  was 
completed.  The  cost  of  the  well  was  $1,000.  The  water  is  used  for 
irrigating  purposes. 

In  sec.  9,  T.  12  N.,  R.  20  E.,  E.  S.  Hill  has  a  deep  well,  which  was 
completed  in  1900.  The  well  was  drilled  on  the  slope  of  a  hill,  and 
has  a  depth  of  626  feet.  From  200  feet  downward  seveml  water- 
bearing beds  were  found,  the  principal  one  being  a  stratum  of  sand  at 
the  bottom.     The  well  flows,  and  the  supply  has  not  increased  or 
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decreased  since  the  well  was  completed.  The  temperature  of  the 
water  at  the  well  mouth  is  74^  F.  The  cost  was  J900.  In  the  well 
490  feet  of  casing  has  been  placed,  the  upper  portion  of  this  having  a 
diameter  of  4i  inches  and  the  lower  portion  a  diameter  of  3i  inches. 
The  water  is  used  exclusively  for  irrigation. 

In  sec.  6,  T.  12  N.,  R.  20  E.,  is  an  artesian  well  owned  by  J.  W. 
Peck.  The  well  is  located  in  a  valley,  at  a  height  of  about  800  feet 
above  sea.  It  was  completed  in  1901  at  a  cost  of  $1,200.  It  has  a 
diameter  of  6  inches  and  a  depth  of  828  feet.  The  principal  flow  of 
water  was  found  in  a  sandstone,  but  other  minor  water-bearing  beds 
were  encountered  in  drilling.  The  well  is  a  flowing  one,  the  water 
rising  4  feet  above  the  surface.  The  water  flows  a  little  less  strongly 
in  the  summer  than  in  the  winter,  but  on  the  whole  the  amount  of 
water  remains  fairly  constant.  The  temperature  of  the  water  at  the 
well  mouth  is  74^  F.  The  water  carries  a  little  iron,  magnesia,  and 
sulphur. 

In  sec.  10,  T.  12  N.,  R.  20  E.,  Robert  Rein  has  a  deep  well,  which 
was  completed  in  1900.  The  depth  of  the  well  is  570  feet,  the  diameter 
at  the  top  is  6i  inches  and  at  the  bottom  2i  inches.  The  well  is 
located  on  a  plain  at  a  height  of  1,500  feet  above  the  sea.  The  water 
rises  about  20  feet  above  the  surface,  and  the  supply  has  been  constant 
since  the  completion  of  the  well.  The  temperature  of  the  water  at 
the  well  mouth  is  60°  F.  The  cost  of  the  well  was  $700.  The  water 
is  used  for  irrigating  purposes. 

In  sec.  8,  T.  12  N.,  R.  20  E.,  is  an  artesian  well  owned  by  Julius 
Sauve.  It  is  located  on  a  plain  at  an  elevation  of  1,155  feet  above  sea. 
The  diameter  of  the  well  in  the  first  portion  is  4f  inches  and  in  the 
bottom  portion  2  inches.  A  number  of  different  flows  of  water  were 
encountered  at  depths  of  790,  861,  876,  890,  907,  and  finally  at  the 
bottom  at  1,020  feet.  The  water  rises  80  feet  above  the  surface.  The 
quantity  of  water  has  not  changed  since  the  well  was  first  drilled. 
The  water  at  the  well  mouth  has  a  temperature  of  75.2°  F.  The  cost 
of  the  well  was  $1  per  foot,  or  $1,020. 

In  sec.  8,  T.  12  N.,  R.  20  E.,  David  Walters  drilled  a  well  which 
was  completed  July  12,  1902.  It  has  a  depth  of  1,200  feet  and  a  diam- 
eter of  5J  inches.  The  well  is  a  flowing  one.  The  temperature  of 
the  water  at  the  well  mouth  is  81°  F.  The  cost  of  the  well  was  $1,600. 
In  casing  the  well  400  feet  of  pipe  with  a  diameter  of  4  inches  and 
620  feet  of  pipe  with  a  diameter  of  3i  inches  were  used. 

Sprifigs. — In  T.  9  N.,  R.  12  E.,  on  Government  land,  spring  water 
issues  as  a  stream  from  the  base  of  a  bluff  of  basaltic  rock.  The 
water  is  very  cold,  free  from  any  odor,  and  colorless.  From  the 
water  bubbles  of  gas  are  constantly  escaping.  An  analysis  of  the 
water  made  by  Prof.  H.  G.  Byers,  of  the  University  of  Washington, 
resulted  as  follows: 


Digitized  by  VjOOQIC 


LAND£8.]  TABLE   OF   DEEP    WELLS.  '     65 

Analysis  ofwaUrfrom  spring  in  T.  9  N.y  R,  12  E. 

[Parts  per  million.] 

Volatile  solids .' 363.5 

Nonvolatile  solids 774. 5 

Total  solids 1,138.0 

Silica 109.3 

Ferric  oxide  and  alumina *. 82. 0 

Calcium  carbonate 266. 4 

Magnesium  carbonate 177. 7 

Sodium  chloride 213.4 

Potassium  chloride 38.  7 

Oaldum  sulphate None, 

Potassium  sulphate None. 

In  sec.  9,  T.  11  N.,  R.  15  E.,  on  tribal  land  belonging  to  the  Yakima 
Indians,  are  some  warm  and  cold  springs.  The  water  issues  as  small 
streams  from  soil  and  gravel.  About  the  springs  are  deposits  of  red- 
dish matter,  presumably  iron  oxide.  The  cold  springs  have  a  soda 
t&ste,  and  from  them  all  bubbles  of  gas  are  constantly  escaping.  The 
warm  springs  are  used  by  the  Indians  for  bathing,  and  the  water  is 
believed  by  them  to  possess  medicinal  value.  It  is  used  more  for 
rheumatism  than  for  any  other  disease.  From  all  of  the  springs  the 
quantity  of  flow  is  constant,  no  variation  being  appreciable  from 
season  to  season. 

TABLES  OF  DEEP  WEIiliS,  MUNICIPAIi  WATER  SUPPIilES, 
AXD  REPRESENTATIVE  SPRINGS. 

Deep  wells  in  Washington, 


Coanty  and  post-office. 


T. 


Adams  County: 

Cunningham 

RitzvIUe 

Franklin  County: 

Connell ,  13 

Island  County: 

Coupe  ville 

Spokane  County: 

Hillyard 

Stevens  County:  I 

Coinile '  35 

Thurston  County:  I 

Olympia 1... 


R.    S. 


32 


28 


Thomas  and  James  O'Hair. 
Northern  Pacific  Rwy 

W.T.  Braden 

£.  J.  Hancock 

Hillyard  Town  Site  Co 

L.J.  Walford 

State  of  Washington 


Hill 

Valley 

Valley 

Hill 

Plain 

Base  of  hill 

Plain 


1,278 
1,157 

840 

125 

2,000 

1,590 


IRR  111—05 5 
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Deep  wells  in  Washinffton — Continued. 


I   j 

Ci>unty  and  post-office.      I  T.  '  R. 


Walla  walla  County: 
Walla  Walla.... 
Whitman  County: 

Palouse 

Pullman 

Tekoa 

Yakima  County: 
North  Yakima . . 

Do 

Do 

Do 

Do 

Do 

Do 


14     45 


20     12 
12     20 


I 


Name  of  owner. 


Topographic  posi- 
tion. 


27     Blalock  Fruit  Co Plain. 


I 


P.  P.  Egran 

City  of  Pullman. 
Tovm  of  Tekoa . . 


Valley 

I  Stream  bed . 
do 


F.  E.  Deerinifhoflf  . 

James  H.  Gano 

E.S.Hill 

J.  W.  Peck 

Robert  Rein 

J.  Saure 

David  Walters 


Slope . . 

Plain  . . 

Slope.. 
I  Valley. 

! do. 

I  Plain.. 
'  Slope.. 


County  and  post-office. 


Date 
when 
com- 
pleted. 


Adams  County: 

Cunningham  . 

RiUville 

Franklin  County: 

Connell 

Island  County: 

Coupeville 

Spokane  County: 

Hlllyard 

Stevens  County: 

Colvllle 


I 


Thurston  County: 

Olympia 

Walla  wnlla  County: 

Walla  Walla  .... 
Whitman  County: 

Palouse 

Pullman 

Tekoa 

Yakima  County: 

North  Yakima . . 


1902 
1901 

1902 

1889 

1900 

1901 

1903 
1908 


Kind  of  well. 


Drilled 
....do. 


Diame- 
ter. 


.do. 


Dug. 


.do. 


1890 
1892 


Do. 

Do. 
Do. 

Do. 

Do. 
Do. 


1900 
1901 


1900 
1902 


Drilled  . 

....do. 
....do. 


Incfuti. 
6 
8 

5 

48 

44 

10  I 


.1    "A 


.do. 
.do. 
.do. 


)epth. 

Depth  to 

principal 

source  of 

water. 

Feet. 

F^et. 

426 

426 

355 

300 

676 

660 

125 

120 

200 

192 

700 

400 

162 

152 

664 

540 

6  1 


Drilled  and 
bored. 


1   ri 


Drilled 

. 

4 

21 

do 

1 

do 

6  1 

do 

6i 
21 

do 

41 

do 

Si, 

200 

160 

110 

no 

176 

176 

625 

625 

826 

820 

626 

620 

828 

828 

570 

570 

020 

1,020 

1,200  I 


1,200  I 


Eleva- 
tion 

above 
sea. 


Feet. 


825 


2,000 
2,341 


1,100 
1.100 


800 
1,500 
1,156 


Water-bearing 
material. 


Rock. 

Very  porous  rock. 

Porous  rock. 

Sand. 

Gravel. 

Sandstone. 

Sand. 

Do. 

Do. 

Do. 

Porous  rock. 

Sand. 

Do. 

Do. 
Do. 

Do. 

Do. 
Do. 
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Beep  wells  in  WoBhingUm — Continued. 


County  and  poet-ofBce. 


Adams  Connty: 

Cunningham 

Rltevllle 

Franklin  County: 

Connell 

Island  County: 

Conpeville 

Spokane  County: 

Hillyaid 

Stevens  County: 

Colvllle 

Thnraton  County: 

Olympia 

Walla  walla  County: 

Walla  Walla 

Whitman  County: 

Palouse 

Pullman 

Tekoa 

Yakima  County: 
North  Yakima . . . 

Do 

Do 

Do 

Do 

Do 

Do 


Other 

water- 

!  bearing 

beds 


Distance 
water 
rises 
above 


found,      surface. 


Distance 
of  water 
from  sur- 
face. 


Tempera- 
ture of 

water  at 

well 
mouth. 


Feet. 


None . 
None. 


1 


None...' 
Yes ' 

None . . . 

I 
Yes i 

Yes I 


Amount  of 
water  ob- 
tained 
daUy. 


Ftft. 
356 

o  jc. 

OaUont. 

235 

1 

640 

51 


120 

185  I 


50,000 


8.640 
67  r       187,000 


None ...  Several. 


None . . 
None . . 

Two . . . 
Two . . . 
Two... 
Yes.... 

Yes 

Yes.... 


19 

.'  8  ' 

i    ■' 

.|  40  I 

.  Several. 

.'       .1' 

.|  20 

80 

. I  Several. 


60 

1              60 
76 

180,000 

J             74 

1             7« 

74 

74 

*             60 

1             ^ 
75 

, 

i             81 

Increase  or  de- 
crease of  supply. 


Increase. 
Stationary. 

Stationary. 

Do. 


Increasing. 

Stationary. 

Do. 
Decreasing. 
Stationary. 

Decreasing. 
Stationary. 

Do. 

Do. 

Do. 

Do. 


.  -,  Variation  in  water    Effect  of  pumping 

County  and  post-office.        ^  w^?      ^  on  level  of 


level. 


Adams  County:  | 

Cunningiiam j  None  . . 

Riteville ; do. 


None . 


Lowers  level    10 
feet. 


None  . 


Quality  of 
water. 


Soft. 


.do. 
.do. 


I 


Franklin  County:  I 

Connell I do 

laland  Count>':  ! 

Conpeville ; I  Lowers  it  slightly .  I  Hard 

Spokane  County:  I  '  I 

Hniyard ;  Varies duringyear    Lowers   level  'Soft 

Stevens  County:  j  j     sl^^hUy. 

Col ville None i  Iron  bearing . 

Thurston  County:  .  ;  ! 

Olympia Varies  with  tide..! ! 

Wallawalla  County:  ,  | 

Walla  WaUa '  None ' | 

Whitman  County:  i  ,  i 

Palouse ' do |  Lowers  level Hard 

Pullman , do I ! do 


How  water  Is 

obtained  at 

surface. 


Tekoa I do. 


•I- 


None I  Soft. 


Pumping. 
Do, 


Do. 
Do. 
Do. 

Well  flows. 

Do. 

Do. 
Do. 
Do. 
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Variation  In  wati-r    ^^^^  of  pumpIllK 
County  and  pobt-offlce.  *       i^Si,  I        on  level  of 


level. 


Yakima  County: 

North  Yakima I  Varlesdurinif  year 


Do None 

Do do None  . 

Do I  Varies  during  year 

Do None None  . 

Do Varies  during  year 

Do ' I 


County  and  post-office. 


Adams  County: 
Cunningham  ... 

Ritzville 

Franklin  County: 

Connell 

Island  County: 

Coupevllle 

Spokane  County: 

Hillyard 

Stevens  County: 

Colvllle 

Thurstcm  County: 

Olympia 

Wallawalla  County: 

Walla  Walla  . . . . 
Whitman  County: 

Palouse 


Pullman . 
Tekoa — 


Yakima  Couftty: 
North  Yakima . 


Do. 
Do. 

Do. 
Do. 
Do. 

Do. 


Quality  of 
water. 


Sulphur  bear- 
ing. 

Soft 

do 

do 

do 

do 


How  water  is 

obtained  at 

surface. 


Sulphur  bear-  , 
Ing. 


Well  flows. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


j  Cost  of 
Cost.      PJ^EiS?:  Size  and  length  of  casing, 
ery.      ' 


$1,066  I         9290     Diameter,  2  inches;  length, 

423  feet. 
2.500    !  Length,  240  feet 


3,000    1  Diameter,  5  Inches;  length. 

I      100  feet. 


350 
500 


150 
2,500 


8.000   '  Diameter,  10 inches;  length, 

I     40  feet. 

152   '  Diameter,  2  inches;  length. 

162  feet. 


1,800 

300 

'     450 

750 


1,000 
900 

1,200 

700 

1,020 

1,600 


Length,  540  feet . 


3,000 


Diameter,  5|  inches;  length, 
150  feet. 

Diameter,  6  inches;  length, 
110  feet. 


1, 000     Diameter,  6  inches . 


Diameter,  5  inches;  length, 
40  inch  CM. 

Diameter,  4  inches;  length, 
120  inches. 

Diameter,  8  inches;  length, 
80  inches. 

.1  Diameter,  4, 3,  and  2i  inches. 

.  I  Diameter,  ik  inches;  length, 
497  feet. 


(Diameter,  4  inches;  length, 
400  feel. 
Diameter,  3i  inches;  length, 
620  feet. 


Use  made  of  the 
water. 


Farm  supply. 
Locomotives. 

Farm  tuf  ply. 

Do. 

Town  supply. 

None. 

Supply    for    capitol 
building. 

Irrigation. 

Farm  supply. 
City  water  supply. 
Town  sivpply. 

Irrigation. 


Do. 
Do. 

Do. 
Do. 
Do. 

Do. 
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Muniripal  uxUer  supplies  in  Washington. 


Location. 


Adams  County: 

Ritzville. 
Aeotin  County: 

AaoUn 

Clarkston. 
Chehalis  County: 

Aberdeen. 

Cosmopolis . 

Hoqniam. 

Monteeano  . 

Oco0ta. 
Chelan  County: 

Chelan . 

Lakeside  . . . 

Wenatchee . 
Clallam  County: 

Port  Angeles . 

Port  Crescent. 
Clarke  County: 

Vancouver  . 

Columbia  County: 

Dayton. 
Cowllta  County: 

Castlerock. 


Dooglas  County: 
WUflonereek.. 

Jefferson  County: 
Port  Ludlow 
Port  Townsend . 

King  County: 

Auburn 

Ballard 


Columbia  City. 

Enumelaw 

Issaquah 

Kent 

Renton 

Seattle 


West  Seattle.. 
Kitsap  County: 

Bremerton  ... 

Charleston  ... 

Port  Blakeley 

Port  Gamble  . 
Kittttas  County: 

Clealum 

Ellensburg . . . 

Roslyn 


No... 
YeH.. 

Yes.. 
Yes.. 
Yes.. 
Yes.. 
Yes.. 
Yes.. 

Yes.. 


Wells White  River \  Yes... 


Springs  and  deep   Ye 

wells. 

[  Cedar  River 

Mountain  streams... 

I  Springs.. 

do 

Spring 

Cedar  River  and  Ce- 
I      dar  Lake. 

Springs 


Yes. 
Yes. 
Yes. 
Yes. 

Y^. 
Yt»s. 
Yes. 


1 
None I  Yes.. 

Wells !  Yes.. 

do Yes.. 

None !  Yes . . 

Wells Yes.. 

None '  Yes.. 


Suffi- 
cient 
.supply 
for  fu- 
ture 
needs. 


.do. 


No.... 


Wells Yes.. 

do Yes.. 


do 

Springs  and  crtt'kH . 

Creek '  Yes  . . 

'  Creeks Yes.. 


No. 

Yes. 
Yes, 

No. 
Yes. 
Yes. 
Yes. 


lo. 
Yes. 
No. 

No. 
No. 

Yes. 

Yes. 

No 
No. 

No. 

Yes. 
No. 

Yes. 

No. 

Yes. 
Yes. 
Yes. 
No. 
No. 
Yes. 

No. 

Yes. 
Yes. 
Yes. 
Yes. 


Springs Wells Yes...j  Yes. 

Mountain  streams do No —    No. 

Springs  and  Clealum  j |  Ye« ...    No. 

River.  |  |  I 
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UNDERGROUND    WATERS    OK   WASHINGTON. 
Afunicipal  nxUer  supplies  in  Washington — Continued. 


[NO.  111. 


Location. 


Klickitat  County: 
Goldendale 

Lewis  Ck)unty: 
Central  la 


PeEU 

Lincoln  County: 

Davenport 

Harrington 

Sprague 

Wilbur 

Mason  County: 

Shelton 

Okanogan  County: 

Loomin 

Pacific  County: 

Ilwaco 

Southbend 

Pierce  County: 

Buckley 

Carbonado 

Orting 

I»uyallup 

South  Tacoma . . 

Sumner 

Tacoma 

San  Juan  County: 

Friday  Harbor  . 
Skagit  County: 

Anacorten 

Hamilton 

La  Conner 

Mount  Vernon  . 
Snohomish  County: 

Arlington 

Edmonds 

Everett 

Mar>T!ville 

Monroe 

Monte  Cristo  . . . 

Silverlon 

Snohomish 

Spokane  County: 

Cheney 

Hillyard 

Latah 

Medical  Lake... 
Stevens  County: 

Bonsburg 

Colville 

Marcus 

Nortbport 

Springdale 


Water- 
supply 
system. 


Yes. 
Yes. 


No. 


Yes. 

Yes. 
Yes. 
Yes. 


Yes. 

Yes. 

Yes. 
Yes. 

Yes. 
Yes. 
Yes . 
Yes. 
Yes. 
Yes. 
Yes. 

No.. 

Yes , 
No.. 
Yes. 
Yes. 


No.. 
Yes. 
Yes. 
No.. 
Yes. 
Yes. 
Yes. 
Yes. 

Yes. 
Yes. 
No.. 
Yes. 

Yes . 
Yes. 
No.. 
Yes. 
Yes. 


Principal  source  of 
water. 


Spring. 

Wells.. 
do. 


Springs 

Wells 

Springs 

Creek  and  wells. 


Spring 

Sinlahekin  Creek  ... 


Other  fiources. 


I  Suffi- 
cient 
supply 

'present 


Suffi- 
cient 
Bupoly 
for  fu- 
ture 


needs,  i  needs. 


None Yes. 


Skookum  Chuck     No 

River.  ' 

Springs No 


None !  Yes. 

Springs Yes. 

Wells Yes. 

Springs '  Yes. 

None Yes. 

Spring Yes. 


Spring. 
....do. 


Yes. 

None Yes . 


No. 

No. 
No. 

No. 
No. 
Yea. 
Yes. 

No. 

Yes. 

No. 
Yi-s. 


Well White  River Yes...!  Yes. 

Springs None '  Yes...'  Yes. 

do Wells Yes...    No. 

do None Yes . . .  i  Yes. 

Wells do Yes...    Yes. 

Springs do Yes . . .    Yes. 

Clover     Creek     and     Three  welN No No. 

springs.  I  I 

Wells Yes...'  No. 

Lake  Heart I  None Yes...!  No. 

Wells I do 


Yes...    Yes. 

Spring I  Yes...' 

do None 'Yes...   Yes. 


Springs  and  wells Stilaguamish  River  . .   Yes ...   Yes. 

Springs Wells Yes...' 

Wood's  Creek | Yes...!  Yes. 

Wells None 

Creeks '  Wells j  Yes...'  Yes. 

Mountain  stream None ." '  Yes...,  Yes. 

do do Yes...    Yes. 

Pilchuck  River | do Yes...!  Yes, 


None . 


Lake  and  wells. . 

Deep  wells 

Wells 

Clear  Lak^ i  Wells 


Columbia  River None 

Spring Creeks  and  wells . 

Columbia  River None 

Deep  Creek | 

Creek i  Wells 


Yes... I  Yes. 

Yes...!  No. 


Yes...!  Yes. 


Yes...'  Yes. 
Yes..-!  No. 


Yes... 
Yes... 


Yes. 
Yes. 
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Municipal  uxUer  supplies  in  Washington — Continued. 


Location. 


Thunton  County: 

O^-rapia 

Tenino 

Wallawalla  County: 

Waltuburg 

Walla  Walla 

Whatcom  County: 

Blaine 

Falrhaven 

Sumaa 

Whatcom 

Whitman  County: 

Colfax 

Oakefldale 

Pullman 

Tekoa  

Uniontown 

Yakima  County: 

North  Yakima  . . 

Prower 


Water- 
supply 
system. 


Yes. 
No.. 


Y'es.. 
Yes.. 


Yes. 
Yes. 
No.. 
Yes. 


Yes.... 

No 

Yes.... 
Yes.... 
Yes.... 


Principal  source  of 
water. 


Springs . 
Wells... 


Springs. 
....do.. 


do 

Lake  Padden... 

Wells 

Lake  Whatcom. 


Other  sources. 


Suffi- 
cient I 
supply 

lor 
present 
needs,  i 


None . . 
Spring. 

Creeks. 
Creek.. 


Three  creeks . 

Streams 

None 


Yes.... 
Yes.... 


Palouse  River do  . . 

Wells Springs. 

Artesian  wells ' 

do None . . . 

Deep  well 


Naches  River None  . . . 

Yakima  River do  . . 


Suffi- 
cient 
supply 
for  fu- 
ture 
needs. 


Yes. 
Yes. 

Yes. 
Y'es. 

Yes. 
Yes. 
No.. 
Yes... 

Yes... 


Yes. 
Yes. 
Yes. 

Yes. 

No.. 


Yes. 
No. 

No. 
!  No. 

Yes. 
'  Yes. 
I  No. 

Yes. 

Yes. 

Yes. 

No. 

i  Yes. 

iv.. 

I  No. 


Location. 


Adams  County: 
Ritiville  . . . . 


Quality  of  water. 


Effect  of  water 
on  the  health. 


Hard Good  . 


Sources  of  con-   i  ^«^!l^^^:?S!;^r."^ 
tamination.       j   ^-^Sy.lP,,^- 


None  . 


I 


Additional 
wells. 


Soft  . 


.do. 


-do. 
.do. 


.do. 
.do. 


Asotin  County: 

Asotin 

Clarkston 

Chehalis  County: 

Aberdeen do do | I 

Coamopolis ' do do I  None 

Hoqoiam | do do do I 

Monteaano do do ! do 

Ooosta i do do 

Chelan  County:  |  I  j  ^         ' 

Chelan Hard Surface  drainage. 

Lakeside Soft Good i  None 

Wenatchee ,  Contains  iron do |  Surfacedralnage. 

Clallam  Coonty:  j  j 

PortAngeles Soft Some  ill  effects  j  Decavlng   vege- 

in  summer,      i      tatlon. 

PortCrescent Somewhat  salty  None 

Clarke  County:  ' 

Vancouver Soft Good *. do 

Columbia  County: 

Dayton do do do 

Cowlltx  County:  \ 

Caitlerock do do do 

I  Hard do do 


None. 
Artesian  wells. 

Other  creeks. 
None. 

Do. 

Do. 

Do. 

Lake  Chelan. 
None. 
Do. 

LItUe  River. 
None. 

Do. 
Do. 

D<.. 
Do. 
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UNDEEGEOUND    WATERS    OF   WASHINGTON. 


[NO.  111. 


Municipal  water  supplies  in  Washington — Continued. 


Location. 

Quality  of  water. 

Effect  of  water 
on  the  health. 

Sources  of  con- 
tamination. 

Other  sources  of 
supply  in  con- 
templation. 

Douglas  County: 

Wilsoncreek 

Alkaline 

Soft 

Good 

None 

None. 

JeflFerson  County: 

Port  Ludlow  ■      

do 

PortTownsend 

do i 

do 

None 

Mountain 

King  County: 

Auburn 

1 
do 

do 

streams. 
White  River. 

Ballaid .                     ... 

..  ..do 

do 

Seattle     water 

OolnmWft  City 

do 

do 

system. 
None. 

Enumci*w , . 

.....do 

do...: 

iv 

Springs. 
None. 

IflHUiuah 

do 

do 

Kent 

do 

do 

Additional 

Renton       .               ... 

do    

..do 

do 

springs. 
Cedar  River  and 

Seattle 

do 

do 

"*' 

do 

other  springs. 
None. 

West  Seattle 

do 

do 

do 

Cedar  River. 

Kitsap  County: 

Bremerton 

do 

do 

do 

None. 

Charleston 

do 

do 

do 

Do. 

PortBlakeley 

Port  Gamble 

....do 

do 

do 

Decaving   vege- 

Noue 

do 

Do. 
Do. 

Kittitas  County: 

Clealum 

do 

do 

Yakima  Rirer. 

EllensbuTg 

Hard 

do 

do 

None. 

Roslyn 

Soft 

..  .do  .    ... 

.    ..do 

Do. 

Klickitat  County: 

Goldendale 

do 

do 

do 

Addi  ti  ona 

Lewis  County: 

Centralia 

do 

spring. 
None. 

PeEll 

.  .do 

Some  ill  effects. 
Good 

Sewage 

Do. 

Lincoln  County: 

Davenport 

do 

None 

Do. 

Harrington 

do 

do 

Sprague 

do 

..do 

None 

Do. 

Wilbur 

do 

do 

do 

Do. 

Mason  County: 

Shelton .* 

do 

do 

do 

Other  springs. 

Okanogan  County: 

Loomis 

....do 

..do 

do 

Other  creeks. 

Pacific  County: 

11  waco 

do 

Not  good 

Good 

Decaying  vegeta- 
tion. 

None 

None. 

Southbend 

do 

Pierce  County: 

Buckley 

do 

.do           

1 do 

Do. 

Carbonado 

do 

do 

.do  

1 

Decaying  vegeta- 
tion. 

None 

Do. 

Orting 

....  do 

Addi  t  i  on  al 

Puyallup 

do 

do 

do 

springs. 
None. 

South  Taooma 

Hard 

.do 

.  .  .do 

Do. 

Sumner 

Soft 

....do 

do 

Do. 

Tacoma 

do 

do 

1 do  

Addi  ti  on  al 

1 

wells. 
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Mumcipcd  water  supplies  in  Washington — Continued. 


Location. 

Quality  of  water. 

Eflfect  of  water 
on  the  health. 

Sources  of  con- 
tamination. 

Other  sources  of 
suppl.v  in  con- 
templation. 

San  Juan  County: 

Friday  Harbor 

Skagit  Connty: 

Anaoortes 

Soft 

Good 

None 

do 

do 

do 

Other  lakes. 

Hamilton   . 

do 

...  .do 

do 

None. 

LaoonncT 

do 

Mount  Vernon 

Soft 

do 

None 

Do. 

8D<riiomi8h  County: 
Arlington  

do 

do 

do 

do 

do 

Ererett 

do 

do 

None 

Do. 

Marysville 

do 

do 

do 

Lake  Stephens. 

8k  y  komish 
River. 

None 

M<mroe 

do 

do 

do 

Monte  Cri«to. 

do 

do 

.    ..do. 

Silverton 

do 

do 

do 

Bnohominh . , 

do 

do 

do 

Do. 

Spokane  County: 

Cheney 

do 

do 

Hillyard 

do ".. 

do ! 

Do. 

Latah 

do 

do 

None 

Springs. 
None 

Medical  Lake 

Hard 

do 

.  ..do. 

SteTens  County: 

BoflsbuiK 

Soft 

do 

do 

.  Do. 

Colville 

do 

do 

do 

Do. 

do 

.  ...do. 

do 

Do 

North  port 

Hard 

do 

.    do  .  .. 

Do 

Springdale 

Sllghtlyalkaline 
Soft 

.do 

Surface  drainage. 
None   . 

Do 

Thurrton  County: 

Olympla 

do 

Do 

Tenlno 

do 

do 

do 

Do. 

Wallawalla  County: 

Waltsburg 

do 

do 

Deep  wells. 

Walla  Walla 

None   - 

Whatcom  County: 

Blaine 

Good 

Fairhaven 

Soft 

do 

None ... 

None. 

fl|iin«« 

do 

do 

Surface  drainage 
Lumber  mills — 

Deep  well. 
None 

do 

do        .  .  . 

Whitman  County: 

Colfax 

do 

do 

Deep  wells. 
None. 

Oakesdale 

do 

do 

None 

do 

Pnliman 

Hard 

do 

Do 

Tekoa 

Soft 

do 

..  ..do        

Do. 

Uniontown 

do.. 

...    do 

do 

Do 

Yakima  County: 

North  Yakima 

do 

do 

Do 

ProiBer 

Soft 

do 

An 

~ 
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UNDEBOROUND    WATERS   OF   WASHINGTON. 


[NO.  111. 


Municipal  water  mpplie$  in  Washington — Continaed. 


Location. 


System  of  waterworks  I  ^fjJe 


used. 


wells. 


Depth  at 
wnlch 

water  is 
eom- 
monlv 
found. 


Character  of  the 

water-bearing 

material. 


Depth 

of 

water 

from 

surface. 


AdamK  County:  i 

Ritzville Pumping  and  gravity.  ] 

Asotin  County:  | 

Asotin ' 

ClarksUm Gravity 

Chchalis  County:  I 

Aberdeen '  Direct  pressure | 

Cosmopolis (Iravlty. 

Hoquiam 

Montesano 

Oeosia 

Chelan  County: 

Chelan 

Lalceside 


Feet. 
a885 
6200 

20-36 


\        c60  ;  Porous. 


25    Gravel  and  sand  . . . 


20-40  : 
10 


10 


Pumping  and  gravity . 
Gravity 


Gravity. 


Gravity. 


.do. 


.do. 
.do. 


Wenatchee Gravity 

Clallam  County:  i 

Port  Angeles | do 

Por!  CrwH'ent 

Clarke  County: 

Vancouver  

Columbia  County: 

Dayton 

Cowlitz  County: 

Castlerock 

Kalama 

Douglas  County: 

Wilsoncreek 

Jeffernon  County: 

Port  Ludlow 

Port  Townsond 

King  County: 

.Vuburn 

Ballard 

Columbia  City 

Enumclaw 

Issaquah 

Kent 

Renton | do 

Seattle 

West  Seattle 

Kit"wp  County: 

Bremerton i  Gravity. 

..do.. 
,.do.. 
..do.. 


Gravity 

Direct  pressure . 


Direct  pressure . 

Gravity 

....do 


.do. 
.do. 


....do 

Direct  pressure. 


Charleston 

Port  Blakeley 

Port  Gamble 

Kittitas  County: 

Clealum 

Ellensburg 

Roslyn 

Klickitat  County: 

Goldendale 

nCity  well. 
*>  Average  well. 


....do 

....do 

Direct  pressure . 


Sand  .. 
....do. 


F>H. 


35 
50 

Deep. 
20-40 


30    Cement  and  gravel. 
40-£0     Sand 


40-100   

Level  of    Sand 
lake. 


C) 


25-30 


if) 


12-40 
16-20 


30-75 


10-16 
10-20 
20-60 

Gravity 12-76, 

c  Varies  on  lower  ground, 
d  Nearly  to  surface. 


10-20 
10-12 

Sand  and  gravel  — 
Sandstone 

10 
6 

26 

Gravel 

25 

25-60 

Ba.«»lt 

15 

Gravel 

12 

10 

Basalt 

10 

4«     Gravel. 


22-100   Sand  and  gravel  . 


40-60 

20-160 

12-60 


20-30 


10-46 
15-50 
30-75 


20-150 


40  , do 

12-160    do 

10-30  : do 

10-30  ' do 

20    Gravel 

(rf)       I  Sand  and  gravel.. 

10-26    Gravel 

12-40  I  Sand  and  gravel.. 

60   do 


10    Sand 
•20-160  ; 


70    Gravel. 


8-12     Sand  and  gravel 

10-20  I  Gravel 

12-60    Sandstone 


2-18 


6-8 
10^ 
25-70 


oO 


2-« 


C) 


I 

20  i  Gravel I. 

«  No  appreciable  rise. 
/  Lake  level. 
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Municipal  rrater  supplies  in  Washingimi    Continued. 


Lewis  County 
Centralia 
PeKll 

Lincoln  County: 

Davenport I  Gravity 

Harrington do 

Sprague I do 

Wilbur ' do 

Mason  County: 
Shelton 

Okanogan  County 
*       Loomis 

Pacific  County:  i 

Ilwaco do 

Southbend do 

Pien-e  County: 

Buckley Direct  pressure 

Carbonado Gravity 

Orting ' do 

Puyallup Direct  pressure 

South  Tacoma do 

Homner Gravity 

Tacoma | do 

8«n  Juan  County:  | 

Friday  Harbor I 

Skagit  County: 


Anacortes Gravity 

Hamilton 

Laconner |  Gravity 


Mount  Vernon do 

Snohomish  County: 

Arlington 

Edmonds '  Gravity 

Bverett do 

MarysviUe ' 

Monroe '  Gravity 

Monte  Crlsto ! do 

Silverton do 

Snohinnlsh I do 

Spokane  County: 

Cheney Direct  pressure. 

Hlllyard I do 

Utah ; 

Medical  Lake I 

Stevens  County: 

Bovburg 

Oolville 

Marcus 

Northport 

Sprlngdale 

Thurston  County: 

Olympia 

Tenino 


6-20 
10-20 
40-60  , 


10  j  Gravel. 

6-10  I  Sand  . . 

40  ; do. 


3(V-100 
l»-18  I 


10-80  1 
10-25  ' 


50  ,  Gravel 

10  ' do 

I 

16  I do 

18  ;  Sand  and  gravel . 
....i  Sand : 


40 

30-100 

6-8 


12-14  ' 

I 
20-80 


15-115 

I 

18-fiO 


Sand  and  gravel \ 

do 

100  I do 

14  ;  Sand 

25  I  Gravel 


15-55     Gravel . 


Gravity. 
do.. 


Gravity. 
do.. 


.do. 


30-50 

190-200 

25-40 

10-40 


40  '  Basalt . 

190  '  Gravel. 

35  Rock  .. 

15  '  Basalt . 


8 
8-10 


40-45 


185 


I 


10-30 


20     Sand  . . 
18-60     Gravel . 


5-8 


40-50     Sand  . 


25-10  ! 


85  ,  Gravel. 
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UNDERGROUND   WATERS   OF   WASHINGTON. 


[NO.  lU. 


Municipal  water  supplies  in  Washington — CJontinued. 


Location. 


System  of  waterworks 
used. 


Gravity. 
do.. 


.do. 
.do. 


Gravity. 


Wallawalla  County: 

Waitsburg 

Walla  Walla 

Whatcom  County: 

Blaine 

.  Fairhaven 

Sumas 

•  Whatcom 

Whitman  County: 

Colfax 

Oakesdale 

Pullman 

Tekoa  

Uniontown ' 

Yakima  County:  ! 

North  Yakima j  Gravity 

Prosser | do . 


Depth 
of  the 
wells. 


Feet. 
40-60 
10-20 

10-20 


;  Depth  at 
{   which 
I  water  is 
com- 
monly 
'   found. 


i  Depth 
Character  of  the     I     of 
water-bearing         water 
material.  <   from 

isurfAce 


.do. 


40-90 


Gravity. 


12-120 

12-60 

100-180 

100-176 

176-200 


.16-40 


10 


40-60 


40 

10-46 

100 

100 


18-25  [. 
80-40  i 


85 


Gravel 

do 

Sand  and  gravel  . 


j    Eset. 
J      12-16 


Basalt 

Sand  and  gravel  . 

do 

Basalt ,... 

do 


10-30 
frlO 


Gravel. 
....do. 


S5 


Ix>cation. 


Amount  of 
water  ob- 
tained 
dally. 


Increase  or  decrease 
in  supply. 


Gallons. 


Varia- 1  Effect  of 

tion  in  Ipumping 

water  ,on  water 

level,      level. 


Stationary. 


Adams  County: 

Ritzville 

Asotin  County: 

Asotin ' do 

Clarkston 

Chehalis  County: 

Aberdeen 

CoeoDiopolis 

Hoquiam 

Montesano 

Ocosta 

Chelan  County:' 

Chelan 

Lakeside 

Wenatchee 

Clallam  County: 

Port  Angeles 


Port  Crescent. 
Clarke  County: 
Vancouver . . . 


Columbia  County: 
Dayton 

Cowlitx  County: 

Castlerock 

Kalama 


No....    No. 


Other  uses  besides 
domestic  supply. 


No.... I  Little.. 


Stationary No. 


No. 


Stationary Yes...!  Yes. 

do Yes...! 


do. 
do. 


Yes... 
Yes... 


Yes. 
No.. 


Stationary Yes.. 


.do. 


Yes.. 


.do..  1  Little. 


.do. 


.    Yes.. 


i  Stationarj'. 

a  A  few  feet  above. 


Yea... 
Yes... 


No. 


Little... 


No. 


Yes. 
Yes. 


Lawns  and  gardens. 

Do. 
Irrigation. 


Boiler  supply. 
Manufacturing. 


Irrigation. 

Do. 
Lawns  and  boilers. 


Fire  protection  and 
power. 


Fire    protection, 
power,  etc. 


None. 

Power. 
Irrigation. 


b  Above. 
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Location. 


DougUfl  County: 

Wilaoncreek 

Jefferwn  County: 

Port  Ludlow 

PortTownsend. 
King  County: 

Auburn 

Ballard 

Columbia  City.. 

Enumclaw 

Inaquah 

Kent 

Renton 


'  Amount  of 
I  water  ob- 
I     tained 
daily. 

I 

GaUoiiB. 


Increase  or  decrease 
in  supply. 


2li0,000     SUtionao- 


aoo,ooo 


120,000 


Seattle '  22,500,000 

West  Seattle i 

Kitsap  County: 

Bremerton 1 


Stationary. 


Stationary . 
....do 


Stationary . 


.do. 


Charleston Decreasing . 

PortBlakeley I 

PortOamble 160,000 


Kittitas  County: 
Clealnm 


EUensburg^  . 


Stationary. 

do 

do 


I>e<jreasing . 


.'  Stationary. 


Roslyn 

Klickitat  County: 

Goldendale 

Lewis  County: 

CentialU 1 | 

PeEll I j  Stationary. 

Lincoln  County:  '  | 

Davenport I ' do 


Harrington 

Sprague 

Wilbur 

Mason  County: 

Shelton 

Okanogan  County:  I 

Loomis I 

Psciflc  County: 

llwaco I 

Southbend i 

Pierce  County: 

Buckley I    1,200,000 

Carbonado 20,000 

Orting i 


Stationary. 
do 


.do. 


Stationary. 


Puyallup 

South  Tacoma. 

Sumner 

Tacoma 


160,000  j  Increasing. 
8,000,000    Stationary. 


Varia-  ,  Effect  of 

tion  in  pumping  |  Other  uses  besides 
water  on  water  i  domestic  supply, 
level.       level.    \ 


I 


No. ...I  No.... 


Yes... I  Ye«. 


•I- 


No.. 
Yes. 
Yes. 
Yes. 


.,  No.... 
.1  No.... 
.,  Little. 
.!  No.... 


No.. 

Yes. 
No.. 

Yes- 
Yes. 


T 


No.. 


No.. 

Yes... 

Yes. 
Yes. 

No.. 

Yes. 
Yes 

No. 

No.. 
Yes. 
No.. 

Yes 


No 

Yes 

No 

No 

No 

Yes 

No 

No 

No 

No 

No 

No 

No 

None. 

Boiler  supply. 
None. 

None. 

Fire  protection. 

Irrigation. 

None. 

Do. 

Boiler  supply. 

Fire  protection  and 
boiler  supply. 

Fire,  irrigation,  etc. 

None. 

Fire  pratectlon  and 
boiler*8upply. 

None. 

Do. 

Fire  protection  and 
boiler  supply. 

Irrigation,  fire  pro- 
tection and  boiler 
supply. 

Irrigation  and  boiler 
supply. 

Fire  protection  and 
boiler  purposes. 

Irrigation  and  fire 
protection. 

None. 


Do. 


No.. 


Yes. 

Yes. 
Yes. 


Yes. 


No. 


Veryll^ 
tie. 

No 

Yes 


Irrigation  and   fire 
I      protection. 

I         Do. 

I         Do. 

I  Irrigation. 

I  Fire  protection. 

Boiler  supply. 

None. 
Boiler  supply. 

Fire  protection. 
Boiler  supply. 
None. 

Do. 
Boiler  supply. 


No. 


Boiler   supply,    fire 
protection,  etc. 
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Municipal  water  mipplies  in  Washington— Continued. 


Location. 

Amount  of 

water  ob- 

Uined 

daily. 

I  nc  rease  or  d  ecrease 
in  supply. 

Varia- 
tion in 
water 
level. 

Effect  of 

pumping 

on  water 

level. 

Other  uses  besides 
domestic  supply. 

San  Juan  County: 

Friday  Harbor 

(fallom. 

Yes . . . 

Boiler  supply. 

Skagit  County: 

'  Anacortes 

Stationar}' 

.  .do 

Yes... 
Yes... 

No 

No 

Do. 

Uamilton 

None. 

Ija^^nner, . ,  ^ , , 

Do. 

Mount  Vernon 

Increasing 

No.... 
Xo.... 

No 

No 

Fire  protection. 

Snohomish  County: 

Ariington 

Edmonds 



None. 

Everett 

Yea... 

Yes... 
Yes... 

Yes 

No 

Yes 

Flreprotection,  boil- 

Marysville  ' 

er  supply,  etc. 
None. 

Monroe | 

Do. 

Monte  Cristo -     -                                   .        .. 

Boiler    supply   and 

Silverton 

1 

concentrator. 
Concentrator. 

Snohomish 

No... 

Boiler  supply. 
Fire  protection. 

Spokane  County: 

Cheney ■                    

No.... 

No 

Yes 

Hillyaid 

Stationary 

Yes...' 

Irrigation. 

Latah ! 

Medical  Lake ! 

Stevens  County:                     1                   |                                              1 
Boesburg '  .  . 

Colvllle 

Stationary 

So.... 

No 



None. 

Marcus | 

Northport 

1 
1             1 

Springdale 

No.... 

No 

Boiler  supply. 

Flreprotection,  boil- 
er supply,  etc. 

None. 

Thurston  County: 

Oljnnpia 

8,000,000 

Tenino 

Stationary 

Yes... 

Yes 

Wallawalla  County: 

WaitHburg 

Water  motor. 

Walla  Wdlla 

Yes 

Ye8...i 

1 
1 

Fire  protection. 

Boiler  supply. 

Boiler    supply  and 
fire  protection. 

None. 

Whatcom  County: 

Blaine 

IncreafliniF 

Fairhaven 

Sumas 



Stationary 

No.... 



No 

Whatcom 

Boiler  supplv    and 
flre  protection. 

Do. 

Whitman  County: 

Colfax 

: 

Oakesdale -! i 

stationary 

Fire  protection. 

Boiler    supply   and 
flre  protection. 

None 

I*ul  1  man 

300,000 

Decreasing 

Stationary 

do 

No.... 

No.... 
No.... 

Yes 

No 

No 

Tekoa 

Union  town 1.      .        .. 

Street  sprinkling. 

Irrigation. 
Do 

Yakima  County: 

North  Yakima 

Profiser 

No.... 

No 
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Coooty  and  poet-offlce. 


T.  '  R. 


8.  I  Owner  of  spring,  i      '^^J: 


phlc 
tion. 


Adams  County: 

Washtnena 16  '  86 

Chelan  County:  I 

Wenatchee i  22     19 

Clark  County:  , 

Vancouvei;. 1 

Cblumbia  County: 

Dayton i    9 

King  County:  ' 

Berlin 


Iseaquah . 


Kent.... 
McCain. 
Renton  . 


Klickitat  County: 

Qlenwood 

Do 

Qoldend&le . . . 

Lincoln  County: 
Davenport  — 


Harrington 23 

Do 28 

Do 23 

Sherman 

Mason  County: 

Shelton 

Pierce  County: 

Carbonado i  18 


Qrting  . 


Puyallup 

Hkamania  County: 

Cascades 

Spokane  County: 

Latah 

Stevens  County: 

ColviUe 

Wallawalla  County: 

Walla  Walla.... 
Yakima  County: 

FbrtSimcoe 


25 


11    . 


kj.W.Baasett... 
(jleorge  Briason . 


Vancouver    Wa- 
terworks Co. 


Base  of  bluff. 

do 

HDlside 


City  of  Dayton  . . . , do . 


Quantity  of  flow. 


Everett  Bottling  i do  . 

Works. 

Oilman      Wat«r     Head  of  canyon . 
Co. 

Town  of  Kent 

T.G.  McCain 


Base  of  steep  hill. 
Foot  of  mountain. 
Hillside 


21 


34 
14 
36  9 
33     25 

I 


I  . 


19 


20  I    4 

2^7 


11  I  15 


Seattle     Electric 
Co. 


United  States Valley 

do !  Base  of  bluflf . 

In  canyon ... 


Town  of  Daven- 
port. 

J.  L.  Ball 

J.  E.  Ludy 

L.  T.  Luper 

H.  B.  Fletcher... 

Town  of  Shelton 


Carbon  Hill  Coal 
Co. 

Orting  Light  and 


Base  of  bluff. 


Deep  valley 

Valley 

....do 


)rting  LIgh 
Water  Co. 


Hillside  . 


.do. 
.do. 


City  of  Tacoma. . .    Base  of  bluff. 
Thomas  Moffatt . .   Hillside  . 

Base  of  bluff. 
J.  U.  Hofeteta....!  Valley 


William  Forth- 
man. 


City  of    Walla   do 

Walla.  ' 

Yakima  Indians..'  Narrow  valley. 


OaUons. 


<i40 
b  1,750, 000 


bSOO.OOO 

as 

0183,018 


''360,000 
«2 


628,800 


018,000,000 

6  25.000 

0  720 


0  57,600 


a  Miner's  inches 


0  Daily. 
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Representative  springs  in  Washington — Continued. 


County  and  post-office. 

Variation  in  flow. 

Taste. 

Temper- 
ature. 

Quality  of      Kind  of 
water.           rock. 

Adams  County: 

o/l 

Washtucna 

None 

Pleasant... 

40    Soft ;  Basalt. 

Cbelan  Count>': 

1          1 

Wenatchee 

Decreases  in  flow  in  au- 
tumn. 

do 

65     Hard 

Do. 

Clarke  County: 

Vancouver  

Varies  slightly 

do 

Soft 

Columbia  County: 

i                     i 

Dayton ...  .        

Decreases  in  summer. . 

do 

• do    .   . 

King  County: 

Berlin 

None 

Soda 

Alkaline.. 

Syenite. 

Issaquah 

do 

Pleasant...' 

Soft 

Kent 

Decreases  in  summer. . . 

do 

do.... 

McCain 

None 

Stilphur  . . . 
Pleasant. . . 

122     ftnlnhnr  .  _ 

Qranite, 

Renton 

Diminishes  in  autumn  . 

Soft 

Klickitat  County: 

Qlenwood 

None 

do 

i 

Basalt. 

Do 

do 

Unpleasant 

76     Cnarcred 

Do 

with  gas. 

Goldendale 

do 

Mineral  ... 

100 

do.... 

Do. 

Lincoln  County: 

Davenport 

Decreases  in  summer . . . 
None 

Pleasant... 

Soft 

do.... 

Granite. 

Harrington 



Do 

Decreases  in  summer 

Pleasant 

45 

do. 

Basalt. 

Do 

None 

do 

do.... 

Sherman 

do 

do 

...  .do 

Mason  County: 

8helton 

do 

do 

do.... 

Pierce  County: 

Carbonado  

Decreases  in  summer. . . 

do 

54 

do.... 

Orting 

None 

do 

do....' 

Puyallup 

do 

do 

do...-i 

Skamania  County: 

Cascades 

...^.do 

Sulphur . . . 

96 

Sulphur, 

Spokane  County: 

iron,  etc.! 

Latah 

Maximum  in  spring 

Pleasant. . . 

Soft 

Stevens  County: 

Colville 

None 

do..  .. 

do.... 

Wallawalla  County: 

Walla  Walla 

do 

.....do 

do.... 

Yakima  County: 

Fort  Slmcoe 

do 

Soda 

Warm.. 

Charged 
with  gas. 
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BepresentoHve  springs  in  Washington — Continued. 


County  and  post-office. 

Seeps  or 
stream. 

Deposits 
of  min- 
eral mat- 
ter about 
spring. 

Use  of  water. 

Improvements 
at  spring. 

Improve- 
ments con- 
templated. 

Adams  County: 

Washtucna 

Stream 

do 

None... 
....do... 

Town  supply  and 
irrigation. 

Domestic  and  irri- 
gation. 

City  water  supply. 

do 

None 

None. 

Chelan  County: 

Wenatchee 

do 

do 

.  .  .do. 

Do. 

Clarke  County: 

Vancouver  

do 

.do... 

Do. 

Columbia  County: 
Dayton 

Seeps  out . . . 

Stream 

do 

do 

Do. 

King  County: 

Berlin 

Iron 

None . . . 
....do... 

None  so  far 

do 

Hotel. 

Issaquah 

Town  supply 

do 

do 

do 

Hotel 

None 

None. 

Kent 

do 

Storage  res- 
ervoir. 

Addition  to 

McCain 

Seeps  out . . . 
do.  -  . 

- 
....do... 

....do... 

Iron.... 
Yes 

Medicinal     and 
bathing. 

Town  supply 

None 

do 

Benton 

hotel. 
None. 

Klickitat  County: 

Glen  wood 

Stream 

do 

"^ 

do 

do 

None 

do 

Do. 

Do 

Do. 

Goldendale 

do 

Iron 

do 

Hotel    and 

Lincoln  County: 

Davenport 

.  ...do 

None . . . 
....do... 
....do 

City  supply 

Domestic 

do 

a    bath 
house. 

None, 

Harrington 

Do 



Stream 

do 

Do. 

Do 

....do... 

do 

Do. 

Sherman : . . 

do 

....do... 

do 

rto 

^^ 

do 

do 

do 

Hotel    and 
>)ath  house. 

None 

Do. 

Mason  County: 

Shelton 

do 

....do.. 

Town  supply 

do 

Do. 

Pierce  County: 

Carbonado 

do 

....do... 

Do. 

Orting 

do 

....do... 
....do... 

....do... 

Domestic 

City  supply 

Medidnal.domes- 
tic 

Domestic 

Town  supply 

City  supply 

Bathing 

Do. 

Puyallup 

do 

Do. 

Skamania  County: 

Cascades 

Seeps  out... 
Stream  .... 

New    hotel 

Spokane  County: 

Latah 

and  bath 
house. 

None. 

Stevens  County: 

Colville 

Seeps  out . . . 

Stream 

Seeps  out . . . 

....do... 
....do... 
Iron  .... 

do 

do 

do 

Do. 

WftllawalU  County: 

Walla  Walla 

Do. 

Yakima  County: 

Fort  Simcoe 

Do. 

iRRiii--a5 6 
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Aberdeen,  water  supply  of 11,59,71,74,76 

Adams  County,  general  features  of 7-8 

municipal  wate r-supply  systems  in 8, 

69,71,74,76 

springs  in 9,79,80,81 

wells,  deep,  in....  8-9,65,66,67,68,69,71,74,76 

Anacortes,  water  supply  of 43, 70, 73, 75, 78 

.Vriington,  water  supply  oL 45, 70, 73, 75, 78 

Asotin,  water  supply  of 9-10 

Asotin  County,  general  features  of. 9 

municipal  water-supply  systems  in 9-10, 

69,71,74,76 

wells  in 10 

Auburn,  water  supply  of 23, 69, 72, 74, 77 

Ballard,  water  supply  of 23, 69, 72, 74, 77 

Berlin,  spring  at 26,79,80,81 

Blaine,  water  supply  of 56, 71 ,  73, 76, 78 

Bossburg,  water  supply  of 51,70,73,75,78 

Bremerton,  water  supply  of 27, 69, 72, 74, 77 

Buckley,  wat«r  supply  of 39, 70, 72, 75, 77 

BjeTB,H.O.,  analyses  by.  11,24,25,31,40,46,47,54 

Carbonado,  wat«r  supply  of 39, 

41,70,72,75,77,79,80,81 

Cascades,  spring  at 44,79,80,81 

Castle  Rock,  water  supply  of 17,69,71,74,76 

Centralia,  water  supply  of 33, 70, 72, 75, 77 

Charleston,  water  supply  of. 28, 69, 72, 74, 77 

Cbehalis  County,  general  features  of 10-1 1 

municipal  water-supply  systems  and 

wells  in 11-12,69,71,74,76 

Cbelan,  water  supply  of 13,60, 71, 74, 76 

Chelan  County,  general  features  oL 12 

municipal  water-supply  systems  in 13, 

69,71,74,76 

springs  in 13,79,80,81 

Cheney,  water  supply  of 48, 70, 73, 75, 78 

Clallam  County,  general  features  of 13-14 

municipal  water-supply  systems    and 

wells  in 14,69,71,74,76 

Clarke  County,  general  features  of 15 

mimidpal  water-supply  systems    and 

weUs  in 15,69,71,74,76 

springs  In 15,79,80,81 

Clarkston,  water  supply  of 10 

Clealum,  water  supply  of 29, 60, 72, 74, 77 

Clover  Creek,  water  from,  analysis  of 40 

Collax,  water  supply  of 58,71,73,76,78 

Colombia  City,  water  supply  of . . .  24, 69, 72, 74, 77 
Colombia  County,  general  features  oL 16 

municipal  systems  in. 16,60  71,74,76 

springs  in 16,79,80,81 

Colville,  water  supply  of 51, 

65,66,67,68,70,73,75,78,79,80,81 


!  Page. 

Connell,  well  at 21,65,66,67,68 

Cosmopolis,  water  supply  at 11,69,71,74,76 

Coupeville,  wells  at 66,67,68,69 

Cowlitz  County,  general  features  of. 16-17 

municipal  systems  in 17, 69, 71 ,  74, 76 

Cunningham,  well  at 9,65,66,67,68 

Davenport,  water  supply  of 34, 

35,70,72,75,77,79,80,81 
Dajrton,  water  supply  of. .  16, 69, 71, 74, 76, 79, 80, 81 
Douglas  County,  general  features  of 17-18 

municipal  systems  and  wells  in 18- 

20,69,72,74,77 

Edmunds,  water  supply  of. 46, 70, 73, 76, 78 

Ellensburg,  water  supply  of 29, 62, 74, 77 

Enumclaw,  water  supply  of. 24, 69, 72, 74, 77 

Everett,  water  supply  of. 46, 70, 73, 75, 78 

Fairhaven,  water  supply  of 56, 71 ,  73, 76, 78 

Fort  Simcoe,  spring  at 79,80,81 

Franklin  County,  general  features  of  ..... .       20 

springs  in 21 

wells,  deep,  in 21,65,66,67,68 

Friday  Harbor,  water  supply  of . . .  42, 71 ,  73, 76, 78 

Fulmer,  Elton,  analysis  by 50 

Glenwood,  spring  near 31,79,80,81 

Ooldendale,  water  supply  of 31, 70, 72, 74, 77 

Hamilton,  water  supply  of 43, 70, 73, 75, 78 

Harrington,  water  supply  of 34, 

35,70,72,75,77,79,80,81 

Hillyard,  water  supply  of 49, 

50, 65, 66, 67, 68, 70, 73, 75, 78 

Hoquiam,  water  supply  at 1 1, 69, 71, 74, 76 

Ilwaco,  water  supply  of 38, 70, 72, 76, 77 

Island  County,  wells  in 66,67,68,60 

Issaquah,  water  supply  of 24, 

26,69,72,74,77,79,80,81 
Jefferson  County,  general  features  of 21-22 

municipal  systems  and  wells  in 22, 

69,72,74,77 

Kalama,  water  supply  of 17, 69, 71, 74, 76 

Kent,  water  supply  of.  24, 26, 69, 72, 74, 77, 79, 80, 81 
King  County,  general  features  of 22-23 

municipal  systems  in 23-25, 60, 72, 74, 77 

springs  in 26-27,79,80,81 

Kitsap  County,  general  features  of 27 

mimicipal  systems  in 27-28, 69, 72, 74, 77 

Kittitas  County,  general  features  of 28-29 

mimicipal  systems  In 2^-30, 69, 72, 74, 77 

Klickitat  County,  general  features  of 30 

municipal  systems  in 31, 70, 72, 74, 77 

springs  in 31-32,79,80,81 

BInight.  H.  G.,  analyses  by 19,26,28 

Laconner,  water  supply  of 43, 70, 73, 75, 78 

Lake.    See  next  word  of  name. 

83 


Digitized  by  VjOOQIC 


84 


INDEX. 


Pa«e. 

Lakeside,  water  supply  of 13, 69, 71 ,  74, 76 

Latah,  water  supply  of  . .  49, 70, 73, 75, 78, 79, 80, 81 

Lewis  County,  general  features  of 32 

municipal  systems  in 32, 70, 72, 75, 77 

Lincoln  County,  general  features  of 33 

municipal  systems  and  wells  in.  34, 70, 72, 75, 77 

springs  in 34-35,79,80,81 

Loorals,  water  supply  of 37, 70, 72, 75, 77 

Madison,  springs  near 26 

Maplewood  Springs,  water  supply  derived 

from 39,41,70,72,75,77,79,81 

Marcas,  water  supply  of 61,70,73,76,78 

Mariner,  G.  A.,  analyses  by 49 

Marysville,  water  supply  of 46, 70, 73, 75, 78 

Mason  County,  general  features  of 35 

municipal  systems  and  wells  in.  36, 70, 72, 75, 77 

springs  In 36, 79, 80, 81 

Medical  Lake,  water  supply  of 48, 70, 73, 75, 78 

Monroe,  water  supply  of 46, 70, 73, 76, 78 

Monte  Cristo,  water  supply  of 47, 70, 73, 75, 78 

Montesano,  water  supply  at ...  11-12,69,71,74,76 

Moses  Lake,  description  of 19 
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LETTER  OF  TRANSMITTAL, 


Department  of  the  Interiok, 
United  States  Geological  Survey, 

Reclamation  Service, 
Washington,  D,  C,  March  28,  190^, 
Sir:  I  have  the  honor  to  transmit,  for  publication  in  the  series  of 
Water-Supply  and  Irrigation  Papers,  a  manuscript  entitled  "  Under- 
flow Tests  in  the  Drainage  Basin  of  Los  Angeles  River,"  by  Mr. 
Homer  Hamlin. 

The  report  describes  the  conditions  under  which  ground  water 
Ui^ually  occurs  in  arid  regions  and  the  fluctuations  in  the  water  level 
due  to  rainfall  and  other  causes.  The  methods  used  in  obtaining  this 
information  are  of  interest,  and  the  paper  will  contribute  valuable 
material  to  the  important  subject  of  underground  waters  and  their  use 
in  the  arid  regions. 

Very  respectfully,  F.  H.  Newell, 

Chief  Engineer, 
Hon.  Charles  D.  Waloott, 

Director  United  States  Geological  Survey. 

7 
IKK  112-05 2 
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UNDERFLOW  TESTS  IN  THE  DRAINAGE  BASIN  OF  LOS 

ANGELES  RIVER. 


By  Homer  Hamlin. 


INTRODUCTION. 

The  purpose  of  this  report  is  to  assemble  in  one  publication  the 
results  of  a  series  of  underflow  tests  made  in  the  drainage  basin  of 
Los  Angeles  River  in  1902  and  1903  by  the  United  States  Geological 
Survey. 

This  report  briefly  describes  the  conditions  under  which  ground 
water  usually  occurs,  especially  in  arid  regions,  and  the  fluctuations  in 
its  water  level  due  to  rainfall  and  to  sinking  flood  waters. 

The  method  of  testing  used  was  invented  by  Prof.  Charles  S.  Slich- 
ter,  and  is  fully  described  in  ''The Motions  of  Underground  Waters." " 
Up  to  the  present  few  investigators  have  used  this  method. 

An  attempt  has  been  made  to  describe  briefly  the  method  of  sinking 
test  wells  and  the  machinery  designed  and  used  during  this  investiga- 
tion. The  various  devices  used  in  testing  and  the  arrangement  of  the 
instruments,  the  methods  of  testing  found  most  satisfactory,  the 
results  obtained  at  each  of  the  testing  stations,  and  the  amount  of 
underflow  supposed  to  pass .  the  Huron  street  section,  are  fully 
described. 

GROUND  WATER. 

By  ground  water  is  meant  water  percolating  beneath  the  surface  of 
the  earth.  The  original  source  of  all  gi'ound  water  is  rainfall.  Part 
of  the  rain  soaks  into  the  ground  and  percolates  downward  until  it 
reaches  a  level  where  the  interstices  of  the  rocks,  sand,  and  gravel  are 
already  saturated;  another  part  is  absorbed  by  growing  plants  or 
evaporated  from  the  surface  of  the  ground;  and  still  another  part 
runs  off  in  surface  streams. 

aSUchter,  Charles  8.,  The  motions  of  undeiKiound  waters:  Water-Sup.  and  Irr.  Paper  No.  67,  U.  S. 
G«oL  Survey,  1902. 
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WATKR  TABIiE. 

The  upper  surface  of  the  water-soaked  zone  in  pervious  ground  is 
called  the  water  table  or  water  plane.  From  the  surface  of  the 
ground  to  the  water  table  the  ground  is  damp  but  not  saturated,  and 
all  contributions  of  surface  water  continually  tend  to  sink  downward, 
while  below  this  level  the  ground  is  completely  saturated;  that  is,  all 
of  the  open  spaces  between  the  rock  particles  are  full  of  water.  The 
water  table  is  the  level  at  which  water  is  struck  in  a  well.  In  artesian 
belts  the  water  is  under  pressure,  being  confined  by  overlying  impervi- 
ous strata,  and  when  such  strata  are  pierced  it  rises  to  the  level  of 
the  outcrop  of  the  water-bearing  formation.  The  water  table  is  not 
a  level  plane  like  the  surface  of  a  lake,  except  rarely  in  inclosed 
l)asins,  but  usually  has  a  slope  toward  the  main  drainage  lines  of  the 
region,  to  which  the  ground  water  slowly  flows.  The*  slopes  usually 
follow  in  a  general  way  the  surface  topography,  but  are  much  flatter. 

FliUCTUATIONS  OF  WATER  TABL.E. 

As  the  ground  below  the  water  table  is  completely  saturated,  any 
contributions  of  water  from  the  surface  must  result  either  in  raising  the 
water  table  or  in  a  lateral  movement  of  the  ground  water  toward  some 
outlet.  Usually  both  phenomena  occur,  the  lateral  flow  being  a  result 
of  and  following  the  rise  in  the  water  table.  In  humid  regions  the 
supply  from  rainfall  is  so  nearly  constant  throughout  the  seasons  that 
the  position  of  the  water  table  is  practically  fixed,  and  the  rate  of 
lateral  movement  does  not  change  appreciably  from  year  to  year.  In 
arid  regions  much  of  the  ground  water  under  the  plains  and  valleys  is 
supplied  by  the  streams  which  pour  down  from  adjacent  mountain 
I'anges.  When  such  streams  leave  the  mountain  canyons  they  soon 
sink  in  their  debris  cones  of  sand,  gravel,  and  bowlders;  in  such  local- 
ities the  water  table  is  sometimes  200  or  300  feet  below  the  surface. 
When  in  flood  such  streams  discharge  enormous  quantities  of  water, 
which  sinks  and  is  added  to  the  ground  water  of  the  region.  The 
immediate  result  is  the  raising  of  the  water  table,  often  25  to  50  feet, 
over  the  region  where  the  sinking  occurs.  The  ground  water  after- 
wards flows  outward  in  a  generally  horizontal  direction  from  these 
regions  and  the  water  table  is  gradually  lowered.  In  arid  regions  the 
water  table  rises  sometimes  many  feet  during  rainy  seasons  and  gradu- 
ally sinks  in  dry  years  or  during  the  dry  season. 

VEL.OCITY  OF  inS^DERFL.OW. 

The  slowly  moving  ground  water  beneath  a  stream  bed  or  valley  is 
usually  designated  ''the  underflow."  In  order  to  estimate  accurately 
the  amount  of  ground  water  p&ssing  a  given  section,  it  is  necessary  to 
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know,  among  other  factors,  the  rate  of  movement  or  velocity  of  the 
underflow  through  the  pervious  beds  below.  This  is  conveniently 
measured  by  the  method  invented  by  Professor  Slichter.^  Briefly  the 
method  is  as  follows: 

A  group  of  four  or  five  wells  arranged  as  shown  in  figs.  9  and  10  is 
sunk  at  the  locality  where  the  underflow  is  to  be  tested.  Well  A  is 
placed  upstream,  or  in  the  direction  from  which  the  underflow  is  sup- 
posed to  come,  and  the  wells  B,  C,  D,  and  E  are  spaced  downstre-am 
at  a  uniform  distance  from  well  A.  All  of  these  wells  are  of  small 
diameter  (drive  pipe,  li  to  2  inches)  and  have  from  4  to  8  feet  of  per- 
forated screen,  usually  ordinary  well  points,  at  the  lower  end.  These 
perforations  allow  the  percolating  water  to  pass  through  the  pipe 
driven  into  the  pervious  stratum  to  be  tested.  The  upper  well,  A,  is 
charged  with  a  chemical,  usually  sal  ammoniac  (NH^Cl).  which  dis- 
solves in  the  water  passing  through  the  well  and  is  carried  along  by 
the  underflow  to  one  or  more  of  the  lower  wells — which  ones  depends 
upon  the  direction  of  the  underflow.  The  arrival  at  one  of  the  lower 
wells  of  water  containing  sal  ammoniac  in  solution  is  detected  by 
means  of  electrical  instinunents. 

METHODS  AND  APPAKATU8  USED  IN  UNDERFLOW  TESTS. 

In  September,  1902,  the  writer  was  placed  in  charge  of  experiments 
to  determine,  if  possible,  the  amount  of  underflow  passing  through 
the  narrows  of  Los  Angeles  River  at  Huron  street,  Los  Angeles,  ("al. 

Velocity  measurements  were  begun  under  direction  of  Prof.  Charles 
S.  Slichter,  with  the  apparatus  invented  by  him.  As  the  work  pro- 
gressed and  tests  at  greater  depths  were  made  it  was  found  necessary 
to  modify  this  apparatus  to  suit  local  conditions. 

LOCATION  OF  TEST  WELLS. 

The  first  step  in  testing  the  velocity  of  an  underflow  is  to  determine, 
approximately,  the  direction  in  which  the  underflow  moves,  and  the 
second  is  to  drill  the  test  wells  for  measuring  it.  If  the  locality  chosen 
is  in  a  narrow  valley  or  canyon  bounded  by  rock  walls,  it  is  obvious  that 
the  underflow  must  be  down  the  general  trend  of  the  valley.  If,  how- 
ever, the  tests  are  to  be  made  in  a  wide  valley  or  plain,  it  is  advisable 
to  ascertain  the  extent  and  slope  of  the  water  table  in  the  vicinity. 

If  there  are  wells  near,  they  should  be  located  by  some  of  the  ordi- 
nary methods  of  surveying,  and  levels  referred  to  some  permanent 
bench  mark  should  be  run  and  the  surface  elevation  at  each  well  deter- 
mined. The  depth  to  water  should  be  measured  and  the  elevation  of 
the  water  table  computed.  It  is  sometimes  necessary  to  sink  addi 
tional  test  wells,  which  should  be  located  as  just  described.     The  data 

o  Water-Sup.  and  Irr.  Paper  No.  67,  U.  8.  Geol.  Survey,  pp.  48-61. 
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should  Ix^  platted  on  a  map  and  contours,  or  lines  of  equal  elevation,  of 
the  water  table  drawn,  and  the  slope  of  the  water  table  determined. 
The  movement  of  the  ground  water  in  general  is  down  the  slope  of  the 
water  table. 

Fig.  21  (p.  42)  is  a  map  of  the  narrows  of  Los  Angeles  River  at 
Huron  street,  Los  Angeles,  Cal.,  showing  the  extent  and  slope  of  the 
water  table  at  that  locality.  The  broken  contour  lines  show  the  form 
of  the  water  table  in  December,  1902;  the  dotted  contour  lines  the 
form  in  June,  1903.  The  rise  in  the  water  table  was  due  to  the 
sinking  flood  waters  of  the  Arro3'^o  Seco,  which  enters  Los  Angeles 
River  a  short  distance  below.  Its  channel  is  usually  a  dry  wash  of 
sand  and  bowlders,  but  was  in  flood  during  March  and  April,  1902, 
and  the  map  shows  plainly  the  sudden  rise  in  the  ground  water  due  to 
the  sinking  of  the  storm  waters. 

A  practical  conclusion  to  be  drawn  from  this  map  is  that  in  order 
to  avoid  the  disturbing  influence  of  the  fluctuations  of  a  tributary 
stream  the  test  wells  should  be  located  a  considerable  distance  either 
above  or  below  the  mouth  of  such  a  stream. 

When  the  slope  of  the  water  table  and  the  approximate  direction  of 
the  underflow  have  been  ascertained,  wells  for  testing  the  velocity 
should  be  sunk  in  groups  arranged  as  shown  in  figs.  9  and  10  (pp. 
24  and  25).  They  may  be  sunk  by  any  of  several  methods,  depending 
on  the  locality,  depth  to  the  water  table,  coarseness  of  material,  etc. 

HAND   DRIVING. 

For  shallow  wells  in  unconsolidated  material  ordinary  well  points, 
as  shown  in  figs.  2  and  3  of  PL  I,  A,  may  be  used.  These  are  screwed 
on  a  length  of  standard  or  extra  strong  wrought-iron  pipe  and  simply 
driven  into  the  porous  strata.  Two  men  using  a  heavy  wood  mauU 
as  shown  in  PI.  I,  B^  can  drive  such  wells  to  a  considerable  depth,  and, 
in  such  cases,  this  is  a  rapid  and  economical  method.  It  is  not  possi- 
ble, however,  to  collect  samples  of  the  material  penetrated,  and  the 
porosity  must  be  estimated  from  the  amount  of  water  yielded  when 
the  wells  are  pumped.  This  method  was  used  in  the  first  velocity  test 
made  in  Los  Angeles  River,  but  was  abandoned  as  unsatisfactorv 
when  deeper  tests  were  attempted. 

A  portable  hand  rig  is  sometimes  used  to  drive  well  points.  Ordi- 
narily two  men  can  drive  as  many  feet  a  day  with  a  maul  as  with  the 
hand  rig  in  unconsolidated  sands,  unless  the  wells  are  deep.  When 
used  in  combination  with  the  hydraulic-jet  method  of  sinking  wells, 
such  a  rig  will  sink  a  pipe  to  a  considerable  depth,  depending  on  the 
material  penetrated,  but  when  the  material  is  coarse  a  point  is  soon 
reached  beyond  which  it  is  impossible  to  drive  any  style  of  small  pipe, 
as  it  is  telescoped  or  battered  by  the  hammer. 
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WELL-DRILLING   RIG. 

When  wells  are  to  be  sunk  to  a  considerable  depth,  100  to  150  feet 
for  instance,  in  very  coarse  material,  some  kind  of  machinery  is 
necessary.  A  rapid  and  economical  method  is  a  modification  of  the 
hydraulic-jet  process  of  deep-well  drilling  by  combination  with  driv- 
ing. This  method  consists  of  three  distinct  processes — (1)  driving  the 
pipe;  (2)  chopping  up  and  washing  out  the  sand  and  gravel  that 
enters  the  bottom  of  the  pipe  as  it  is  driven  downward;  (3)  turning 
or  rotating  the  pipe  to  keep  the  hole  straight  and  to  reduce  the  f  ric- 
tional  resistance  to  driving.  A  rig  equipped  for  this  work,  with  the 
machinery  assembled,  is  shown  on  PI.  II.  It  consists  of  the  derrick 
for  hoisting  the  heavy  drivepipe,  a  hammer  for  driving  the  pipe,  wash 
rods  and  chopping  bit  for  hydraulicking,  a  pump  for  forcing  water 
down  the  wash  rods  under  pressure,  and  a  rotator  for  turning  the 
pipe.  The  whole  is  driven  by  a  gasoline  engine  with  a  hoisting  attach- 
ment. This  machinery  was  designed  to  meet  the  local  conditions  of 
sinking  wells  to  a  depth  of  100  to  160  feet  in  very  coarse  sharp  sand, 
gravel,  and  bowlders.  It  has  proved  economical  and  satisfactory  in 
actual  use  for  several  months. 

MACHINE  DRILLING. 

When  starting  a  well,  a  hole  is  first  dug  to  a  depth  of  4  or  5  feet 
and  a  10-foot  length  of  drivepipe  with  a  shoe  firmly  screwed  on  is 
inserted  vertically,  passing  up  through  the  rotator  (a),  as  shown  on  PL 
III,  A.  It  must  be  plumbed  carefully,  for  if  it  is  not  driven  straight 
the  wells  will  not  be  properly  spaced  at  the  bottom,  and  this  will 
introduce  errors  into  the  velocity  measurements.  About  13  to  15 
feet  of  wash  rod,  with  a  chopping  bit  attached,  is  then  inserted  in 
the  drivepipe,  projecting  about  3  feet  above  the  top.     The  drive  head 

(e)  is  then  screwed  on  the  drivepipe  with  the  wash  rods  projecting 
up  through  the  hole  in  the  center. .  The  buffer  block  (e)  and  hammer 

(f)  should  then  be  slipped  over  the  wash  rods  which  serve  as  a  guide 
for  the  hammer,  and  the  water  swivel  (g),  with  the  hose  attached, 
should  be  screwed  to  the  top  of  the  wash  rods.  The  ropes  for  hoist- 
ing and  driving  and  the  sprocket  chain  for  driving  the  rotator,  etc., 
are  attached  as  shown  on  PI.  II,  A^  and  PI.  Ill,  A, 

The  rig  is  operated  as  follows:  Drive  the  pipe  a  few  feet  by  tapping 
lightly  with  the  hammer,  then  start  the  pump  and  force  water  down 
the  wash  rods  and  through  the  chopping  bit.  The  rods  should  be 
churned  up  and  down  like  a  chum  drill  until  the  drivepipe  is  clear  of 
sand  to  the  bottom  of  the  shoe.  The  chopping  bit  can  be  operated 
with,  or  independent  of,  the  rest  of  the  driving  apparatus  by  a  line 
passing  over  the  middle  sheave  of  the  hoisting  block.  When  the  well 
is  shallow  the  chopping  can  be  done  by  hand,  but  when  deep  it  is 
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necessary  to  use  the  winch  or  winding  drum  on  the  engine.  The 
water  swivel  is  made  with  a  projecting  base  larger  than  the  hole 
through  the  hammer  (see  fig.  7).  By  means  of  this  device  it  is  possible 
to  drill  with  the  chopping  bit  and  at  the  same  time  drive  the  pipe 
with  the  hammer.  The  length  of  wash  rods  is  so  adjusted  that  the 
water  swivel  is  6  inches  to  1  foot  above  the  top  of  the  hammer,  when 
it  rests  on  the  drive  head.  As  the  ordinary  stroke  of  the  hammer  is  1 
to  2  feet,  the  wash  rods  will  be  raised  from  6  inches  to  1  foot  at  each 
stroke.  When  the  hammer  is  dropped  the  rods  drop  with  it  until  the 
chopping  bit  strikes  the  sand  in  the  hole,  while  the  hammer  still  falls 
and  almost  instantly  strikes  the  drive  head.  This  is  done  automatically, 
the  only  attention  required  from  the  driller  being  the  gradual  lowering 
of  the  wash  rods  as  the  pipe  is  driven  downward.  The  water  which  is 
forced  out  in  jets  through  the  chopping  bit  washes  the  pulverized  sand 
and  gravel  up  through  the  drivepipe  to  the  surface.  The  drivepipe 
should  be  turned  from  three  to  five  times  per  minute  by  an  ordinary 
rotator  such  as  is  used  with  hydraulic-well  rigs.  The  rotator  should 
be  run  from  the  engine  by  a  sprocket  chain  passing  over  sprocket 
wheels,  as  shown  on  PI.  II,  J?,  and  PI.  Ill,  A,  When  the  wells  are 
shallow  two  men  with  chain  tongs  can  usually  turn  the  pipe. 

This  method  is  particularly  adapted  to  sinking  wells  in  coarse  sand 
and  bowlders.  The  drivepipe  should  be  double,  extra-strong,  steel 
pipe  to  secure  the  strength  and  stiffness  necessary  to  prevent  bending 
when  forced  through  coarse  materials,  and  its  internal  diameter  should 
be  at  least  2i  inches.  It  is  sometimes  very  difficult  to  pull  a  long 
string  of  drivepipe,  especially  to  start  it.  The  only  practicable  way 
is  to  use  jackscrews,  as  shown  on  PI.  Ill,  B^  or  use  block  and  tackle 
with  the  engine  at  the  same  time  turning  the  pipe  with  the  rotator. 
Below  is  a  more  detailed  description  of  machinery  used. 

APPARATUS. 
ENGINE. 

In  the  selection  of  an  engine,  consideration  must  be  given  to  the  cost 
of  fuel,  transportation  facilities,  weight  of  machinery,  etc.  When 
fuel  is  expensive  and  water  scarce,  a  gasoline  engine  will  be  found 
economical.  For  ordinary  drilling  when  the  depth  of  the  wells  does 
not  exceed  150  or  200  feet,  a  6  to  8  horsepower  engine  will  furnish 
the  necessary  power.  A  very  convenient  type  of  engine  is  shown  on 
PI.  II,  B,  It  is  a  vertical  gasoline  engine  geared  to  a  hoisting  drum, 
which  is  controlled  by  means  of  a  friction  clutch  and  brakes.  The 
drum  is  used  to  raise  the  hanmier  and  wash  rods,  for  hoisting  pipe,  etc. 
From  ten  to  twenty  blows  per  minute  can  be  struck  with  the  hammer 
in  driving  pipe.     The  small  winch  on  the  engine  is  used  for  pulling 
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pipe,  moving  heavy  weights,  moving  the  engine,  etc.  The  engine  is 
belted  to  a  force  pump,  which  supplies  water  for  hydraulicking,  and  is 
connected  to  the  rotator  by  a  sprocket  chain.  The  engine  shown  in 
the  cut  is  but  3  horsepower  and  is  too  light  for  deep  wells,  but  has 
proved  very  economical  in  fuel  consumption,  using  but  3  to  4  quarts 
of  gasoline  per  day  in  ordinary  drilling;  in  addition  it  has  required 
but  little  attendance,  is  light,  and  easily  moved. 

PUMP. 

The  pump  should  be  a  suction  force  pump,  capable  of  delivering 
water  under  a  pressure  as  high  as  150  pounds  per  square  inch,  with  a 
discharge  of  20  to  50  gallons  per  minute.  It  should  be  provided  with 
a  safety  valve  to  prevent  excessive  pressure.  The  pump  must  be  able 
to  draw  a  supply  from  one  to  two  driven  wells,  when  the  water  table 
is  within  reach.  In  other  cases  it  will  be  necessary  to  haul  water  for 
hydraulicking — an  expensive  and  troublesome  method. 

Connection  between  the  pump  and  the  wash  pipe,  as  shown  in  PI. 
II,  A  and  J?,  and  PI.  Ill,  A,  is  made  by  means  of  25  to  30  feet  of 
flexible  hose  of  good  quality  to  withstand  high  pressure.  Ten  to  15 
feet  of  2-inch  suction  hose  will  be  needed  to  connect  the  pump  with  the 
drive  wells  from  which  the  wash  water  will  usually  be  pumped. 

LIGHT  1>RIVEPIPE. 

For  shallow  wells  driven  by  hand  in  unconsolidated  material  the 
ordinary  standard  or  extra-strong  pipe  will  answer  for  drivepipc.  It 
can  usually  be  pulled  and  used  several  times.  The  outside  couplings 
of  such  pipe  greatly  increase  the  frictional  resistance  in  driving  and 
pulling,  and  a  considerable  percentage  of  pipe  is  sure  to  be  left  in  the 
ground.  Extra-strong  pipe  is  sometimes  fitted  with  flush-joint  coup- 
lings, but  so  much  metal  is  cut  away  at  the  joint  that  they  are  frail 
and  will  not  withstand  hard  driving,  breaking  at  the  joint  when  the 
pipe  does  not  go  down  straight. 

HEAVY   DRIVEPIPE. 

For  deep  wells  the  drivepipe  should  be  what  is  known  to  the  trade 
as  double-extra-strong  steel  pipe  with  joints  flush  inside  and  out. 
The  inside  diameter  of  the  drivepipe  must  be  at  least  2i  inches.  The 
nearest  commercial  size  to  this  is  known  as  3-inch  pipe;  its  actual 
diameter  is  3i  inches  outside  and  2.284  inches  inside,  the  thick- 
ness of  its  shell  0.608  inch  and  its  weight  18.56  pounds  per  linear 
foot.  Rings  of  tough  Norway  iron  of  the  same  diameter  and  thick- 
ness as  the  pipe,  and  6  or  8  inches  long,  should  be  welded  on  both 
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ends  of  each  length  of  pipe,  in  which  the  flush-joint  coupling  should 
be  turned.     A  taper  thread  with  butt  joints,  as  shown  in  fig.  1,  has 
been  found  satisfactory  and  stands  much  hard  usage.     This  form  of 
thread  has  the  advantage  of  a  firm  bearing  throughout  its  entire  length 
when  it  is  screwed  up  tight.     The  pipe  should  be  finished  in  lengths 
of  exact!}'  10  feet  with  a  few  additional  short 
lengths  of  5  feet.     A  li  to  2  foot  length  (5  on 
PL  Til,  A.)  should  also  be  provided  with  a  li- 
inch  hole  drilled  through  it  about  midway  of 
its  length  to  allow  the  wash  water  and  sand  to 
run  out;  the  drive  head  sliould  be  screwed  on 
the  upper  end  of  this  short 
length.     Such  a  drivepipe 
is  stiff  and  heavy  enough  to 
stand  repeated  blows  from 
the  hammer.     The  fact  that 
there  are  no  outside  coup- 
lings make  it  far  easier  to 
drive  and  pull  than  the  or- 
dinary pipe. 

SIIOK. 

The    lower    end    of    the 

drivepipe  must  be  protected 

from  injury  by  a  shoe.    The 

form   shown   in   fig.  2  has 

been  found  satisfactory.    It 

should    be    turned    out  of 

tough  steel,  the  outside  di- 
ameter being  a  trifle  greater 

than  the  outside  of  the  drive- 
Fio.1.  Heavy  drivepipe.  pipe,  and  the  inside  diame- 
ter the  same.  If  it  is  to  be  used  with  a  rotator 
the  cutting  edge  should  be  notched  and  well  tem- 
pered, as  it  will  then  cut  its  way  downward 
more  readily.  The  threads  should  be  the  same 
as  on  the  drivepipe,  so  that  it  will  fit  on  any 
length. 

DRIVE   HEAD. 

The  drive  head,  as  shown  in  fig.  3,  should  be 
rately  turned  to  fit  the  drive  pipe  on  which  it  is 
enough  to  withstand  long-continued  driving.     Th 
through  the  hole  in  the  center  of  the  head,  sorvir 
hammer  (see  c  on  PI.  UI,  A).    The  four  holes  di 
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sockets  for  rods  used  in  screwing  on  the  head  or  in  handling  the  pipe. 
A  bail  for  lifting  can  be  sprung  into  these  holes,  if  desirable,  but  an 
eyebolt  passing  through  the  hole  in  the  center  and  loosely  fastened  with 
a  nut  and  washer  inside  the  drive  head  will  act  as  a  swivel  and  be  found 
stronger  and  more  convenient  when  pulling  pipe,  hoisting,  etc. 

BUFFER  BLOCK. 

A  wooden  block  should  be  placed  between  the  hammer  and  the  drive 
head  to  prevent  the  destruction  of  both.     A  convenient  form  is  shown 
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PiQ.  8.^Dilve  head.  Fio.  4.— Buffer  block. 

in  fig.  4.  It  is  simply  an  oak  or  other  hardwood  block  with  the  grain 
of  the  wood  vertical,  securely  bound  with  an  iron  band.  A  hole  should 
be  bored  through  the  middle  and  the  block  may  then  be  slipped  over 
the  wash  rods  and  rest  on  the  drive  head,  as  shown  at  e  on  PL  111,  A. 

HAMMER. 

A  hammer  of  the  form  shown  in  fig.  5  requires  no  guides,  but  slides 
up  and  down  on  the  wash  rods.  It  may  be  made  of  cast  iron  with  pro- 
jecting ears  for  attaching  the  hoisting  ropes.     When  it  is  necessary  to 
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add  a  length  of  drive  pipe,  the  hammer  can  be  raised  off  the  wash  rods, 

swung  to  one  side,  and  lowered  to  the  ground.     It  is  raised  and  lowered 

independently  of  the  wash  rods  by  means  of  two  ropes,  which  pass  up 

Section  on  line  A-'B  through  the  outside  sheaves  of  the 

hoisting  block  at  the  apex  of  the 
derrick  and  thence  to  the  winding 
drum  of  the  engine,  as  shown  on  PI. 
II,  A,  and  at  f  on  PI.  ITT,  A. 

WASH   RODS. 

The  wash  rods  should  be  made  of 
what  is  known  as  double-extra-strong 
1-inch  pipe,  the  diameter  being  1.315 
inches  outside  and  0.587  inch  inside, 
the  thickness    of   the     s^tumoaArB 
shell   0.364   inch,  and 
the  weight  3.65  pounds 
per  linear  foot.     The 
rods  should  have  rings 
of  Norway  iron  on  each 
end  and  the  same  style 
of  taper  thread  as  the 
large  drive  pipe  shown 
in  fig.   1.     When  fin- 
ished, the  rods  should 
be  exactly  10  feet  in 
length,  but  several  6- 
foot  and  2-foot  pieces 
Sectinn  on  line  o-D  should  also  be  on  hand. 

Pig.  6.~Haiimier.  If  deep  wells  are  to  be 

drilled,  heavier  wash  rods  will  be  necessary.  This  will 
require  larger  holes  than  those  figured  in  the  drive  head, 
buffer  block,  and  hammer. 

CHOPPING   BIT. 

The  chopping  bit  should  be  made  of  best  tool  steel.  A 
drawing  of  the  bit  in  use  is  shown  in  fig.  6.  It  should  be 
securely  welded  to  a  5- foot  length  of  wash  rod  instead  of 
being  screwed  to  it,  otherwise  when  drilling  in  coarse 
material  or  bowlders  it  will  probably  be  broken  off  and 
lost  in  the  well.  The  cut  shows  the  bit  welded  to  a  length  ^^  J'ZI^io*  in 
of  double-extra-strong  li-inch  pipe,  commercial  size.  wt. 

The  edges  of  the  star  bit  should  not  be  drawn  down  too  thin,  and 
must  be  well  tempered  to  withstand  hard  usage,  for  when  drilling 
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the  impact  of  the  heavy  string  of  wash  rods,  when  dropped  several 
feet,  niust  be  Iwrne  by   the  chopping  bit.     The  holes  through  the 
bit  should  be  of  ample  size  to  deliver  enough  water  to  raise  the  pul- 
verized sand  and  gravel  to  the  surface  and 
still  must  be  small   enough   to  give  the 
issuing  jet  a  high  velocity. 

WATER  SWTVEL. 

A  swivel,  connection  between  the  hose 
and  the  wash  rods  is  necessary  to  permit 
turning  the  chopping  bit,  making  connec- 
tions, etc.  The  form  shown  in  fig.  7 
has  been  found  convenient.  It  should  be 
strong  and  well  made,  as  the  hammer 
engages  with  the  lower  part  of  the  swivel 
in  raising  the  wash  rod.  As  sand  and 
gravel  in  the  drive  pipe  sometimes  pack 
around  the  drill  and  rods,  the  pull  on 
the  swivel  may  be  considerable,  perhaps 
enough  to  stop  the  engine,  in  which  case 
the  wash  rods  must  be  jarred  loose  by 
upward  blows  with  the  hammer. 

DERRICK. 

The  derrick  may  be  made  of  three  tim- 
bers, about  4  by  6  inches,  and  30  to  36 
feet  long,  as  shown  in  PI.  II,  A,  Holes 
are  bored  through  the  top  and  the  timbers 
loosely  connected  by  a  1-inch  bolt,  from 
which  is  suspended  a  long  clevis,  to  which 
the  hoisting  blocks  are  attached.  Such  a 
tripod  can  be  quickly  raised,  lowered,  or 
adjusted  over  a  well.  Slats  nailed  on  the 
timbers  serve  as  a  ladder  for  reaching 
the  top. 

BLOCKS. 

The  lines  from  the  hammer  should  be 
run  up  over  the  outside  sheaves  of  a  triple  block,  and  then  to  the 
winding  drum  of  the  engine,  as  shown  in  PI.  II,  A,  The  line  from 
the  wash  rods  is  run  over  the  center  sheave  and  then  fastened  to 
a  cleat  on  one  leg  of  the  tripod.  By  this  arrangement  the  rods  can 
be  easily  raised  or  lowered  by  hand,  or  suspended  at  any  height. 
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A  double  })lock  should  be  provided  for  use  with  the  triple  block  in 
pulling  the  drive  pipe,  moving  the  engine,  etc. 

WELL   POINTS. 

When  wells  are  shallow  and  the  material  to  be  penetrated  is  soil  or 
unconsolidated  sand,  it  is  economical  to  drive  ordinary  li  or  2  inch 
points.     These  are  usually  in  4-foot  lengths  and  are  made  by  perfo- 
rating standard  or  extra-strong  wrought-iron  pipe  with  seven  rows  of 
oblong  holes  three-eighths  by  one-half  inch.     Around  the  outside  of 
the  perforated  pipe  is  wrapped  a  fine  brass  sc 
about  2,500  meshes  per  square  inch;  over  the 
forated  brass  screen  with  28  one-eighth  inch  h 
whole  being  securely  soldered  to  the  perforate 
seam.     The  gauze  strains  out  the  fine  sand 
water  to  enter  the  well,  and  the  brass  screen 
gauze.     Fig.  1  of  PI.  I,  J.,  shows  such  a  well 
gauze  partly  removed.     This  style  of  point  se 
for  part  of  the  testing  apparatus  as  described 

When  the  material  is  compact,  or  contains  o 
these  well  points  fail,  either  by  bending,  by  h 
off  the  outside  screen  and  gauze.  If  the  ] 
large  enough  to  deflect  the  pipe,  it  will  bend  i 
ing  or  in  pulling;  in  fact,  it  is  almost  impoi 
pipe,  as  it  will  break  at  one  of  the  couplings, 
compact  and  coarse  the  f  rictional  resistance 
strip  it  entirely  off  of  the  pipe,  leaving  it  as 
PI.  I,  A.  To  overcome  these  difficulties  the 
fine  screen  on  the  inside  of  the  perforated  < 
found  quite  satisfactory.  Perforated  sheet  b 
as  No.  26  gage.  No.  1,  with  400  holes,  about  ( 
square  inch,  should  be  rolled  into  a  tube  s 
inside  diameter  of  the  perforated  pipe  (fig.  6  c 
dered  along  the  vertical  seam  and  shoved  ins 

where  it  is  held  in  place  by  the  couplings  above  and  below.  It  is  largely 
protected  from  injury  and  can  be  withdrawn  and  cleaned  if  necessary. 
Such  a  well  point  is  shown  in  fig.  4  of  PI.  I,  A.  The  only  objection 
to  this  style  of  point  is  that  the  holes  in  the  outside  tend  to  fill  with 
sand  and  clay  when  the  pipe  is  pulled. 

JAOKSOREWS. 

The  jackscrews  for  pulling  pipe  should  be  strong,  of  at  least  32 
tons  capacity  each.  A  clamp  of  heavy  flat  iron,  a  pulling  ring,  and 
steel  wedges  or  dogs  with  notched  e4ges  should  be  provided  for  hold- 
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ing  the  ring  in  place  when  the  pipe  is  being  pulled.     The  arrangement 
of  the  jackBcrews,  etc.,  is  shown  on  PI.  Ill,  B. 

PLACING  WELL  POINTS  FOR  UNDERFLOW  TESTS. 

As  noted  above,  ordinary  well  points  are  driven  into  the  pervious 
strata  where  it  is  proposed  to  test  the  underflow. 

When  the  heavy  drivepipe  is  used  the  procedure  is  somewhat  dif- 
ferent. The  pipe  is  driven  by  machinery  to  bed  rock,  or  to  the  desired 
depth,  and  thoroughly  cleaned  from  sand,  silt,  etc.  A  length  of  well 
screen  similar  to  that  shown  in  fig.  4  of  PL  I,  A^  is  screwed  to  a 
sufficient  length  of  li-inch  standard  pipe  and  lowered  to  the  bottom 
of  the  hole.  The  drivepipe  is  then  pulled  up,  leaving  the  well  screen 
and  li-inch  pipe  in  the  ground  with  the  screen  at  the  proper  depth. 
The  drivepipe  is  used  to  sink  another  well,  in  which  is  placed  another 
screen,  etc.,  until  all  the  well  screens  of  the  group  are  in  place.  The 
well  screens  and  small  pipe,  whether  set  by  the  fii*st  or  the  second 
method,  now  form  part  of  the  testing  apparatus,  being  a  portion  of 
the  electric  circuit. 

TESTING   APPARATUS. 

The  various  instruments  at  first  used  in  testing  the  velocity  of 
underflow  were  made  from  designs  furnished  by  Prof.  Charles  S. 
Slichter.  The  modifications  of  the  original  *  apparatus  and  the 
methods  developed  are  the  result  of  several  months'  experimenting 
by  the  writer,  and  may  be  of  value  to  investigators  in  the  future. 

WIRE. 

The  wire  should  be  a  good  quality  of  rubber-insulated  copper,  about 
No.  14.  Single  wires  are  more  convenient  than  a  cable  or  a  twisted 
lamp  cord.  Care  must  be  used  and  the  wire  examined  occasionally  to 
see  that  the  insulation  is  not  worn  through,  for  if  it  is  there  will 
probably  be  a  short  circuit  between  the  well  casing  and  the  wire.  It 
should  be  kept  rolled  into  open  coils,  and  not  kinked  or  twisted,  as 
such  usage  tends  to  break  the  insulation. 

ELECTRODES. 

The  electrodes  are  brass  rods  from  one-fourth  to  five-sixteenths  inch 
in  diameter  and  about  4  feet  long,  usually  nickel  plated  (PI  IV). 
They  should  be  heavy,  of  solid  metal  throughout,  as  it  is  difficult  to 
sink  a  light  electrode  to  the  lx)ttom  of  a  deep  well.  The  wire  should 
be  attached  to  the  electrode  by  some  such  device  as  that  shown  in  fig.  8, 
this  being  necessary  in  deep  wells.  It  should  not  be  bent  or  kinked 
where  attached  to  the  electrode,  as  it  may  break  and  leave  the  elec- 
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trode  in  the  bottom  of  the  well.     The  electrodes  are  insulated  from 
the  well  casing  by  means  of  wooden  blocks  (see  fig.  8),  which  should 
be  boiled  in  parafiin  to  make  them  imper\nous  to  water.     The  elec- 
trodes  will    need    frequent 

Top  Insulator  ,    . .  .,  . .  i   . , 

I  I  plating,  as  the  action  of  the 

s  X  electric  current  and  of  the 

sal    ammoniac  quickly  cor- 
rodes the  nickel  coating. 

SWITCH  CLOCK. 

A  switch  clock  found  satis- 
factory in  actual  use  is  shown 
in  PI.  V.  It  is  an  ordinary 
eight-day  clock  with  electri- 
cal devices  added.  The  min- 
ute hand  of  the  clock  carries 
a  steel  spring,  tipped  with 
platinum,  which,  at  five-min- 
ute intervals,  is  brought  into 
contact  with  platinum  strips, 
each  of  which  is  connected 
with  a  separate  insulated  wire 
passing  down   through   the 

,  w.       ■      .  *,       .  clock  case  and  thence  to  the 

"•■ "H*- — --H      H —   m,  4i 

'  proper  binding  post.     Ekch 

contact  closes  a  circuit 
i  _  through  one  of  the  test  wells. 

The  platinum  strips  are  laid 
in  slits  cut  in  lugs  of  hard 
rubber.  The  strips,  the  pro- 
jection of  which  beyond  the 
edge  of  the  lug  is  adjustable, 
are  held  in  place  by  screws 
which  pass  through  narrow 
slots.  The  hard-rubber  lugs 
are  permanently  fastened  to 
the  clock  dial  by  screws  from 
the  back.  They  are  placed 
at  each  hour  on  the  dial  or  at 
Bottom  Insulator  five-minute  intervalsasmeas- 

ec      es.  ^^^^  j^y  ^^^  minute  hand. 

In  operating,  the  spring  on  the  minute  hand  is  carried  over  the  hard- 
rubber  lug,  which  is  so  placed  that  the  spring  is  slightly  raised.  When 
the  tip  of  the  spring  reaches  the  sharp  edge  of  the  lug  it  suddenly 
snaps  down  on  the  platinum  strip  and  at  once  closes  the  circuit.     It  is 
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pulled  across  the  platinum  strip  by  the  motion  of  the  hand  and  when 
it  reaches  the  edge  snaps  away  from  the  strip,  suddenly  opening  the 
i;ircuit.  The  time  the  circuit  is  closed  can  be  regulated  by  adjusting 
the  width  of  the  strip.  Five  to  ten  seconds  is  about  the  proper  inter- 
val. It  is  important  that  the  circuit  be  opened  and  closed  suddenly, 
otherwise  the  recording  pen,  full  of  ink,  may  move  back  and  forth  on 
the  chart  several  times  and  probably  obliterate  the  record. 

The  current  from  the  positive  pole  of  the  battery  enters  the  clock 
at  one  of  the  binding  posts,  B^  (7,  2>,  E^  etc.,  and  passes  through  the 
insulated  wire  to  the  minute  hand,  thence  to  the  clock  frame  and  out 
to  the  binding  post  marked  A.  By  the  movement  of  the  minute  hand 
the  circuits  to  the  various  wells  are  progressively  closed.  The  twelve 
switches  on  the  dial  permit  of  thirty  hourly  records  with  four  lower 
wells  and  a  thirty-minute  interval  between  records,  as  shown  on  Pis. 
V,  A^  and  VI,  B^  or  of  records  at  intervals  of  twenty  minutes  with 
three  lower  wells  and  a  ten-minute  interval  between  records.  It  is 
also  evident  that  in  the  first  case  two  groups  of  wells,  or  in  the  second 
case  three  groups  of  wells,  can  be  tested  hourly  at  the  same  time, 
with  a  ten-minute  interval  between  tests. 

RECORDING  AMPERE  METER. 

The  recording  ampere  meter  (PI.  VII,  A)  was  made  by  the  Bristol 
Company  from  designs  furnished  by  Prof.  Charles  S.  Slichter.  The 
instrument  keeps  a  continuous  record  for  twenty-four  hours,  after  which 
the  chart  must  be  changed.  The  chart  is  moved  at  a  uniform  rate  by 
clockwork.  The  recording  pen  is  actuated  by  the  electric  current 
sent  through  the  wells  at  fixed  intervals  by  the  switch  clock.  The 
electric  apparatus  is  very  simple,  consisting  of  a  stationary  solenoid 
through  which  the  current  passes.  A  thin  disk  of  soft  iron  is  attached 
to  a  nonmagnetic  shaft  which  passes  through  the  solenoid  and  is  sup- 
ported at  its  opposite  ends  by  steel  knife-edge  springs.  The  recoi'd- 
ing  pen  is  secured  directly  to  the  steel  springs  and  partakes  of  its 
angular  motion  as  the  disk  is  attracted  by  the  solenoid.  The  result  is 
a  record  such  as  shown  on  PI.  VI,  A  and  B. 

If  an  ordinary  ampere  meter  is  used  the  switching  must  be  done 
by  hand,  as  described  on  page  27. 

BATTERY. 

The  electric  battery  should  }>e  of  ample  capacity.  Dry  cells  known 
as  large-size  Columbia,  3i  inches  in  diameter  and  8  inches  high,  have 
been  found  satisfactory.  The  plan  and  wiring  of  the  battery  for  use 
with  a  recording  ampere  meter  only  are  shown  in  fig.  9,  and  for  use 
with  either  a  recording  or  ordinary  ampere  meter  are  shown  in  fig.  10, 
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The  battery  consists  of  12  large-sized  dry  cells  connected  in  sets  of 
two  in  parallel.  These  parallel  sets  are  connected  up  in  series,  and  by 
means  of  the  double-throw  switches  the  electromotive  force  of  the 
battery  can  be  varied  from  1.5  to  9  volts,  assuming  the  electromotive 
force  of  each  cell  to  be  li  volts  when  new.  One,  two,  three,  or  more 
sets  of  two  cells  connected  in  parallel  can  be  used  in  one  series,  as  the 
case  requires,  or  if  necessary  either  side  of  the  battery  can  be  cut  out 
by  the  opening  of  one  of  the  single-throw  switches  marked  "A,  A'." 
An  ordinary  ampere  meter  should,  for  convenience,  be  placed  in  the 
battery  box.  Fig.  10  shows  such  a  battery  connected  up  to  a  group 
of  four  wells  and  arranged  for  use  with  an  ordinary  ampere  meter. 
The  switches  are  set  for  measuring  the  current  from  casing  of  well  B 
to  the  electrode  of  well  B,  with  two  sets  of  cells  in  series. 


Fig.  9.  Plan  of  test  wells  and  apparatUN. 
METHOD  OF  MEASURING  THE  VELOCITY  OF  UNDERFLOW. 

An  outline  of  the  method  invented  by  Prof.  Charles  S.  Slichter  has 
been  described  on  page  11.  The  following  is  a  description  more  in 
detail  of  the  writer's  experience  during  several  months'  work  at  Los 
Angeles,  Cal.  An  attempt  has  been  made  to  describe  the  difficulties 
encountered  and  the  methods  developed  during  the  progress  of  the 
work. 

PUMPING. 

After  all  the  test  wells  have  been  sunk,  as  described  on  page  11,  it 
is  necessary  before  beginning  a  test  to  take  a  small  sand  pump  and 
thoroughly  clean  the  inside  of  the  well  points  from  sand  and  silt,  and 
then  pump  water  from  each  well  until  it  clears.  A  small  hand  pump 
which  can  be  readily  moved  from  well  to  well  is  convenient  for  this 
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purpoj^e.  Pumping  is  often  a  tedious  job,  as  the  screens  become 
clogged  with  silt  and  mud.  In  such  cases  a  few  buckets  of  clear 
water  poured  down  the  well  will  often  open  up  the  screen.  Another 
way  is  to  occasionally  break  the  vacuum  in  the  pump  and  let  the  water 
in  the  pipe  fall  back  suddenly.  When  these  methods  fail,  success  may 
be  attained  by  rotating  the  pipe  with  a  pair  of  tongs  and  at  the  same 
time  pouring  clear  water  down  the  well. 

If  some  of  the  wells  pump  freely  and  the  rest  will  not  start,  it  is 
almost  certain  that  the  screens  are  clogged,  and  if  all  else  fails  they 
may  be  allowed  to  stand  a  day  or  two.  If  none  of  the  wells  can  be 
started,  or  after  starting 
continue  to  pump  fine 
sand  and  nmd,  the  test 
may  as  well  be  aban- 
doned, for  in  such  cases 
the  velocity  will  be  too 
low  to  measure  by  this 
method.  Testing  should 
not  be  begun  for  a  few 
hours  after  pumping,  in 
order  to  allow  the  water 
plane  to  rise  to  its  normal 
level. 

WIRING. 

The  next  step  is  to 
wire  the  wells.  There 
are  several  ways  in  which 
this  may  be  done,  de- 
pending on  the  kind  of 
electrical  instruments 
used.  If  a  re^^ording 
ampere  meter  is  used, 
the  wiring  should  be  as 
shown  in  fig.  9.  A  wire 
is  run  from  the  positive  pole  of  the  battery  to  the  casings  of  lower 
wells  B,  C,  D,  E,  etc.,  all  of  which  may  be  connected  by  soldering 
the  wire  to  the  galv^anized  casing  of  each,  thus  insuring  good  con- 
nections. A  wire  is  connected  to  the  electrode  for  each  well  and 
run  to  the  proper  binding  post  on  the  switch  clock;  the  electrodes 
should  then  be  lowered  to  the  bottoms.  From  the  positive  binding 
post  of  the  switch  clock  a  wire  is  run  to  the  recording  ampere  meter, 
and  from  the  ampere  meter  to  the  negative  pole  of  the  battery. 
An  ordinary  ampere  meter  (in  the  battery  box)  is  put  in  the  circuit  to 
check  the  record  of  the  recording  instrument. 


Fig.  10.  Plan  of  test  wells  and  apparatus. 
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The  current  recorded  is  that  which  passes  through  the  water 
between  the  casing  of  the  wells  and  the  electrode  at  the  bottom  of  the 
well. 

The  construction  of  the  clock,  recording  ampere  meter,  battery,  etc., 
is  described  on  pages  21  to  24. 

If  an  ordinary  ampere  meter  is  used  the  wiring  will  be  quite  differ- 
ent, as  all  switching  must  be  done  by  hand.  A  battery  arranged  for 
such  a  testing  and  the  wiring  of  a  group  of  wells  is  shown  in  fig.  10. 
A  wire  should  be  run  from  the  proper  binding  posts,  marked  A,  B,  C, 
D,  and  E,  of  the  battery  to  the  casing  of  the  corresponding  wells,  and 
another  from  the  binding  posts,  marked  B',  C,  D',  E',  of  the  battery 
to  the  electrodes  of  the  corresponding  wells.  The  battery  is  so  wired 
that  when  the  switches  A  and  B  are  closed,  the  ampere  meter  indicates 
the  amount  of  current  flowing  through  the  ground  from  the  casing  of 
well  B  to  the  casing  of  well  A.  When  the  switches  B  and  B'  (fig.  10) 
are  closed,  the  ampere  meter  indicates  the  amount  of  current  flow- 
ing through  the  water  from  the  casing  of  well  B  to  the  electrode  of 
well  B.  After  all  the  wiring  is  done,  the  correctness  of  the  various 
connections  should  be  tested.  If  the  circuit  through  one  of  the  wells 
is  closed  and  the  electrode  lifted  out  of  the  well,  the  ampere- 
meter needle  should  fall  back  to  zero,  for  raising  the  electrode  out 
of  the  well  opens  the  circuit.  On  the  other  hand,  if  the  casing  of  the 
well  is  touched  with  the  electrode,  a  strong  deflection  of  the  needle 
should  be  noted.     By  these  tests  an  error  in  wiring  may  be  detected. 

CHARGING  WELL  A. 

After  all  the  connections  have  been  made  and  tested,  a  new  chart 
should  be  placed  in  the  recording  ampere  meter,  and  the  apparatus 
allowed  to  run  for  an  hour  or  so,  to  get  a  record  of  the  wells  before 
well  A  is  charged. 

Various  methods  of  charging  wells  have  been  tried,  and  the  follow- 
ing has  finally  been  adopted.  The  electrolyte  used  is  sal  ammoniac 
(NH4CI).  This  should  be  placed  in  a  small  wooden  or  paper  tub  (it 
rusts  iron  quickly)  and  enough  water  poured  on  to  cover  it.  A  bucket 
of  perforated  sheet  brass,  similar  to  that  used  for  the  inside  screen  of 
the  well  points,  about  4  feet  long  and  small  enough  to  readily  slip 
down  the  inside  of  the  well  pipes,  should  be  provided.  This  should  be 
placed  in  the  tub  of  wet  sal  ammoniac  and  filled  with  water  and  the  salt 
by  means  of  a  funnel  and  dipper.  The  water  will  drain  away  into  the 
tub  and  leave  the  wet  sal  ammonia  filling  the  bucket,  which  should  at 
once  be  lowered  to  the  bottom  of  the  well. 

It  is  difficult  to  get  a  bucket  of  dry  sal  ammoniac  down  a  deep  well 
on  account  of  the  contained  air.  In  addition,  the  escaping  air  causes 
the  formation  on  the  water  of  a  sticky  foam,  which  is  carried  down  by 
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the  next  bucket  and  clogs  the  screen.  The  experiment  of  pouring  a 
hot  saturated  sohition  of  sal  ammoniac  down  the  well  pipe  was  tried, 
but  was  condemned.  It  will  either  crystallize  out  when  the  water  cools 
and  leave  the  pipe  filled  solidly  with  the  salt,  or,  if  the  strata  be  per- 
vious, will  be  forced  through  to  the  lower  wells  almost  immediately. 
In  any  case,  undissolved  sal  ammoniac  should  not  be  poured  down  a 
well,  as  it  is  almost  impossible  to  clean  it  out  for  the  next  test. 

The  following  rule  is  now  observed  in  charging  wells:  Put  down 
one  bucket  of  wet  sal  anuuoniac  every  fifteen  minutes  for  two  hours, 
then  one  bucket  an  hour  for  six  hours.  Of  course,  if  at  any  time  the 
electrical  instruments  show  that  the  sal  ammoniac  has  reached  the 
lower  wells,  charging  should  be  stopped  at  once. 

DETERMINATION  OF  VELOCITY  OF   UNDERFLOW. 

When  recording  instruments  are  used,  it  is  only  necessary  to  exam- 
ine them  occasionally  to  ascertain  when  the  sal  ammoniac  roaches  the 
lower  wells.  Its  arrival  is  indicated  by  an  increased  deflection  of  the 
recording  pen,  as  shown  by  the  chart  in  PI.  VI,  A.  When  the  velocity 
is  great  the  deflection  is  sudden,  but  when  it  is  low  the  increase  is  not 
so  marked.  When  there  is  no  underflow  the  deflection  of  the  pen 
remains  the  same  throughout  the  test,  as  shown  in  PI.  VI,  B. 

When  an  ordinary  ampere  meter  is  used,  the  circuits  to  the  various 
wells  must  be  closed  by  hand  at  frequent  intervals,  varying  from  ten 
minutes  to  two  hours,  depending  on  the  velocity  of  underflow.  When 
it  is  probable  that  the  velocity  is  great,  readings  must  be  made  often; 
but  if  no  flow  is  detected  for  two  or  three  hours,  the  time  between 
observations  may  be  longer.  The  ampere  meter  must  be  read  and  the 
time  and  readings  recorded  in  a  notebook.  From  the  notes  an  ampere 
curve  should  be  platted  (fig.  11),  from  which  an  estimate  of  the  velocity 
of  flow  can  be  made.  The  sudden  rise  in  the  curve  indicates  the 
arrival  of  the  sal  ammoniac  at  the  lower  well.  This  rise  is  primarily 
due  to  the  fact  that  the  solution  of  water  and  sal  ammoniac  is  a  better 
conductor  of  electricity  than  is  water  alone,  and  when  this  solution 
flows  into  and  mingles  with  the  pure  water  in  the  well,  the  rise  in  the 
current,  due  to  lessened  resistance,  can  at  once  be  noted. 

The  time  of  passage  of  the  solution  from  well  A  to  one  of  the  lower 
wells  is  usually  calculated  from  the  hour  when  charging  was  begun  to 
the  hour  when  the  rising  ampere  curve  reverses,  or,  in  other  words, 
at  the  point  of  the  maximum  rate  of  increase  in  the  ampere  curve. 
This  method  corrects  for  the  diflfusion  or  spread  of  the  sal  ammoniac 
in  the  water  and  for  the  error  due  to  the  fact  that  the  water  in  the 
upper  well  can  not  be  charged  quickly. 

The  distance  between  the  wells  being  known  and  the  time  of  passage 
of  the  solution  having  been  noted,  it  is  a  simple  matter  to  compute  the 
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velocity  or  rate  of  flow.  This  may  be  expressed  in  any  unit  of  meas- 
ure desired.  In  this  report  the  rate  of  flow  is  expressed  in  feet 
per  day. 

When  wells  have  been  sunk  with  the  heavy  drivepipe,  as  described 
on  page  21,  and  the  well  screens  inserted,  the  first  test  will  evidently 
be  at  bed  rock,  or  at  the  bottom  of  the  hole.     After  the  completion  of 
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Pig.  11.— Ampere  curves. 

the  first  test,  the  pipe  may  be  pulled  up  the  length  of  the  screens  and 
another  test  made.  This  pulling  up  and  testing  may  be  continued  to 
the  level  of  the  water  table  if  desirable. 

When  well  points  are  driven  by  hand,  it  is  best  to  drive  into  the 
first  stratum  below  the  water  table,  test  it,  and  then  drive  deeper,  con- 
tinuing the  process  as  far  as  necessary. 
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COMPUTATIONS  OF  I>I8CIIARGE. 

In  a  given  section  wide  differences  in  the  velocity  of  undei*flow  are 
to  l)e  expected,  due  to  the  various  factors  on  which  flow  depends,  such 
as  slope  of  the  water  table,  porosity,  relative  size  of  the  sand  grains, 
temperature,  etc.  It  is  evident  that  if  the  actual  percentage  of  the 
open  spaces  or  voids  between  the  particles  of  sand  and  gravel  of  each 
square  foot  of  a  measured  section  was  known,  and  the  average  velocity 
at  which  water  flows  through  the  ground  had  been  measured,  it  would 
be  possible  to  compute  the  amount  of  water  passing  a  given  line  dur- 
ing a  fixed  interval  of  time;  moreover,  no  further  data  would  be 
necessary. 

The  diflSculties  met  with  when  an  attempt  is  made  to  compute  the 
discharge  from  a  section  should  be  clearly  set  forth. 

Natural  sands,  as  dug  from  pits  or  the  bed  of  a  stream,  consist  of 
grains  of  different  sizes  and  shapes.  Such  sand  weighs  more  per  unit 
of  volume,  as  per  cubic  foot,  than  any  of  the  various  grades  of  sand 
sifted  from  the  same  bed  and  having  grains  of  nearly  uniform  size. 
This  proves  that  the  natural  sands  contain  a  less  percentage  of  voids, 
or,  in  other  words,  the  porosity  is  less,  than  that  of  the  sorted  sands. 

Experiments  made  by  Prof.  F.  H.  King^  show  that  the  porosity  of 
unsorted  sands  from  the  Tujunga  washes  in  San  Fernando  Valley,  Los 
Angeles  County  (see  fig.  12),  varies  from  31.42  to  42.28  per  cent. 
The  effective  diameter  of  the  sand  grains  was  ascertained  to  range 
between  0.05542  and  0.4289  millimeters.     The  same  writer  says: 

It  appears  to  be  generally  true  that  well-rounded  grains  of  nearly  uniform  diameter 
tend  to  give  a  pore  space  which  lies  between  32  and  40  per  cent.  The  mean  theo- 
retical pore  space  for  spherical  grains  of  a  single  size  is  36.795  per  cent,  and  this  is 
very  close  to  the  mean  observeii  limit  for  the  more  simple  sands  of  rounded  grains. 

A  sample  of  coarse  sand  from  Arkansas  River  Valley  was  tested  by 
G.  W.  Stose  in  the  following  manner: 

After  being  thoroughly  dried  it  was  saturated  with  water,  and  the  quantity  of 
water  received  was  determined  by  weighing.  The  vessel  containing  it  was  then 
puncturecl  at  the  bottom,  so  as  to  permit  the  water  to  drain  away,  and  after  a  lapse  of 
several  days  the  loss  of  water  was  determined  by  another  weighing.  It  was  then 
found  that  the  sand  had  received  29  per  cent  of  its  volume  of  water,  but  afterwards 
parted  with  only  one-thinl  of  the  water  received,  equivalent  to  10  per  cent  of  the 
whole  volume  of  sand.  * 

Both  of  these  samples  had  been  removed  from  the  original  beds. 
The  experiments  show  the  probable  range  of  porosity  in  clean  sand 
of  moderately  uniform  size. 

Prof.  Charles  S.  Slichter  states  that  ''the  porosity  of  quartz  sand 
will  usually  vary  between  30  and  40  per  cent,  and  that  of  clay  loams 

a  King,  F.  H.,  Nineteenth  Ann.  Kept.  U.  S.  Geol.  Survey,  pt.  2,  1899,  p.  212. 
^Gilbert,  Q.  K.,  Seventeenth  Ann.  Kept.  U.  S.  Geol.  Survey,  pt.  2, 1896,  p.  600. 
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between  40  and  50  per  cent,  depending  upon  the  variety  of  sizes  in 
the  mixture  and  the  manner  of  packing  the  particles. "** 

Very  little  is  known  regarding  the  porosity  of  naturally  deposited 
and  undisturbed  beds  composed  of  coarse  gravels,  coarse  and  fine  sand, 
and  silt.  Theory  indicates  that  such  beds,  having  been  deposited  by 
the  action  of  running  water,  or  by  the  waves  and  currents  of  the 
ocean,  are  far  less  porous  than  sands  of  uniform  size,  the  sorting 
action  of  the  water  tending  to  pack  the  material  as  closely  as  possible. 

It  is  usual  to  assume  that  the  porosity  of  sand  is  about  33  per  cent, 
and  if  the  grains  are  rounded,  of  nearly  uniform  size,  and  free  from 
silt,  the  assumption  is,  without  doubt,  about  correct. 

The  actual  porosity  in  each  case  must  be  known  before  any  reliable 
computation  of  discharge  can  be  made.  Concerning  this  factor,  Pro- 
fessor Slichter  says: 

If  two  samples  of  the  same  sand  are  packed,  one  sample  so  that  its  porosity  is  26 
per  cent  and  the  other  sample  so  that  its  porosity  is  47  per  cent,  the  flow  through 
the  latter  sample  will  be  more  than  seven  times  the  flow  through  the  former  sample. 
If  the  two  samples  of  the  same  sand  had  been  packed  so  that  their  porosities  had 
been  30  and  40  per  cent,  respectively,  the  flow  through  the  latter  sample  would  have 
been  2.6  times  the  flow  through  the  former  sample.  These  facts  should  make  clear 
the  enormous  influence  of  porosity  on  flow,  and  the  inadequacy  of  a  formula  of 
flow  which  does  not  take  it  into  account.  * 

Evidently  beds  which  consist  of  a  mixture  of  bowlders,  cobblestones, 
fine  sand,  and  silt  will  have  a  less  percentage  of  voids  than  graded 
sand.  No  flow  can  occur  through  bowlders  or  cobblestones,  and  if 
they  make  up  50  per  cent  of  the  volume,  and  the  intervening  spaces 
are  filled  with  sand  and  silt  of  graded  sizes,  there  is  certainly  far  less 
than  33  per  cent  of  voids  in  the  mass.  How  much  less  must  be 
determined  by  experiment. 

It  is  exceedingly  difficult  in  underflow  tests  to  come  to  any  satisfac- 
tory conclusion  regarding  the  porosity  of  the  various  beds.  This  is 
due  to  the  almost  insurmountable  difficulties  in  collecting  representa- 
tive samples  of  the  material  penetrated.  If  the  testing  is  done  with 
a  small-size  drive  pipe,  2  to  4  inches,  all  the  coarse  material  must  be 
excluded,  because  it  is  impossible  to  get  it  into  the  pipe  or  to  the  sur- 
face. When  the  material  is  very  coarse,  it  is  obviously  necessary  to 
dig  a  well  or  shaft,  or  put  down  a  large  bore  well,  12  inches  or  more 
in  diameter.     Both  methods  have  decided  limitations. 

It  is  impracticable,  by  any  reasonable  expenditure  of  money,  to  dig 
a  well  much  below  the  level  of  the  water  table.  If  a  large-bore  well 
is  sunk,  material  below  the  water  table  must  be  brought  to  the  surface 
in  a  sand  bucket.  The  continual  churning  of  the  sand  bucket  under 
water  washes  the  fine  silt  and  mud  out  of  the  sand  and  mixes  it  with 

a  Slichter,  Charles  S.,  The  motions  of  ground  water:  Water-Sup.  and  Irr.  Paper  No,  67,  I'.  S.  Geol. 
Survey,  1902,  p,  17. 
b  Slichter,  Charles  S.,  Nineteenth  Annual  Report  U.  S.  Qeol.  Survey,  pt.  2, 1899,  p.  828. 
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the  water  in  the  well.  This  mixture  of  mud  and  water  is  partly  bailed 
out  with  each  bucket  partly  filled  with  sand.  How  much  silt  is 
washed  out  by  the  water  at  any  particular  point  is,  of  course,  impos- 
sible to  say,  but  if  one  will  catch  the  muddy  water  from  the  sand 
bucket  and  let  it  settle  he  will  be  convinced  that  it  is  usually  no  small 
amount.  No  one  can  tell  exactly  at  what  depth  or  how  much  of  the 
sand  contains  silt.  It  is  entirely  possible  that  a  bed  of  clay  or  silt  a 
foot  or  more  thick  may  be  entirely  mixed  with  the  water  in  the  well 
and  no  evidence  of  its  presence  be  shown  unless  the  driller  notes 
that  the  water  is  more  muddy  than  usual. 

The  writer  has  seen  samples  of  sand  taken  from  wells,  carefuU}^ 
washed,  cleaned  from  all  silt,  clay,  etc.,  and  then  bottled  up  and  exhib- 
ited as  water  sand.  Any  estimate  of  discharge  based  on  such  samples 
is  utterly  misleading. 

Samples  are  often  collected  by  catching  the  sand,  etc.,  brought  up 
by  a  hydraulic  rig.  Of  course  these  samples  are  thoroughly  washed. 
In  parous  gravel  the  wash  water  used  in  hydraulieking  continually 
tends  to  flow  away  from  the  well,  being  under  great  pressure.  That 
it  carries  the  fine  material  near  the  hole  away  with  it  is  proved  by  the 
fact  that  the  sinking  of  the  wash  water  when  drilling  in  gravel  can 
often  be  prevented  by  pouring  clay  down  the  well,  which  soon  fills  the 
voids  in  the  surrounding  gravel. 

The  hydraulic  and  drive-pipe  method  of  sinking  test  wells  has  one 
great  advantage  over  the  sand  bucket,  in  that  the  presence  of  a  bed  of 
clay  or  silt  is  shown  at  once  by  the  muddy  water  which  rises  to  the 
surface  through  the  drive  pipe.  The  depth  at  which  such  beds  occur 
can  by  this  means  be  ascertained. 

Another  uncertain  factor  is  the  unknown  horizontal  extent  of  the 
pervious  beds.  It  can  only  be  assumed  that  they  extend  from  station 
to  station,  and  in  regions  where  the  pervious  beds  have  been  deposited 
by  torrential  streams  this  assumption  may  lead  to  error,  such  gravel 
beds  often  being  in  the  form  of  long  trains  of  coarse  material,  the 
buried  channel  of  the  stream,  and  not  in  a  wide  extended  sheet  as 
supposed  by  many.  To  correct  for  this  uncertainty,  it  is  obviously 
necessary  to  sink  test  wells  at  close  intervals  along  the  cross  section. 

There  is  much  uncertainty  regarding  the  weight  to  be  given  velocity 
measurements.  As  a  rule  the  velocities  recorded  are  the  maximums. 
Suppose  test  wells  are  set  4  feet  in  a  pervious  stratum,  the  upper  two 
feet  of  which  is  composed  of  coarse  sand  2  millimeters  in  diameter, 
the  lower  two  feet  composed  of  fine  sand  0.4  millimeter  in  diameter, 
with  a  pressure  gradient  of  10  feet  per  mile.  As  computed  from 
tables  prepared  by  Prof.  Charles  S.  Slichter, «  the  velocity  of  flow  in 
the  upper  bed  will  be  at  the  rate  of  5,386  feet  per  year,  and  in  the 

«Slichter,  Charles  @.,  The  motion  of  ondexground  water:  Water-Sup.  and  Irr.  Paper  No.  67.  U.  S. 
Qeol.  Survey,  1902,  p.  2V. 
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lower  bed  at  the  rate  of  210  feet  per  year.  In  the  first  instance  this  is 
at  the  rate  of  14.75  feet  per  day,  and  in  the  second  at  the  mte  of  0.59+ 
foot  per  day. 

If  the  test  wells  are  spaced  4  feet  apart  the  chemicals  used  in  charg- 
ing the  upper  wells  should  pass  through  the  coarse  stratum  and  reach 
the  lower  well  in  about  six  and  one-half  hours,  while  it  will  take  about 
one  hundred  and  sixty-two  and  fiv^e-tenths  hours  for  the  same  chemical 
charge  to  reach  the  lower  well  through  the  fine  stratum.  In  such  a 
case,  the  salt  passing  from  the  upper  bed  would  enter  the  lower  well 
and  cause  a  sudden  rise  in  the  current,  as  recorded  by  the  instruments. 
The  sal  ammoniac  in  solution,  being  much  heavier  than  the  ground 
water  alone,  will  settle  and  fill  the  lower  well.  There  is  no  doubt  but 
that  the  result  is  correct  for  the  upper  2  feet,  but,  as  the  lower  well  is 
full  of  the  solution  of  sal  ammoniac,  there  will  be  no  means  of  ascer- 
taining when  the  charge  from  the  lower  stratum  reached  the  well,  even 
if  the  test  should  be  continued  for  six  and  three-fourths  days,  which 
is  highly  improbable.  It  is  in  fact  impossible  to  know,  in  testing 
material  natui'ally  deposited,  whether  the  flow  is  through  the  whole 
section  tested  or  through  one  or  two  thin  strata.  The  only  practical 
method  is  to  use  short  well  points  and  test  the  ground  at  each  few  feet 
in  depth. 

The  most  promising  field  for  this  method  of  testing  underflow  is  in 
regions  where  the  pervious  formations  are  uniform  in  composition  and 
texture  throughout  wide  areas,  and  where  the  water  table  is  not  sub- 
ject to  great  fluctuations  in  level.  If  testing  in  mountainous  regions 
or  in  the  debris  cones  of  torrential  streams  is  attempted,  the  testing 
stations  should  be  close  together  and  tests  made  at  many  points  and  at 
various  depths,  to  eliminate  as  much  as  possible  the  inaccuracies  due 
to  varying  texture  and  porosity  of  the  formations. 

BASIN  OF  liOS  ANGEIiES  RIVER. 

The  drainage  basin  of  Los  Angeles  River  has  an  area  of  approxi- 
mately 502.5  square  miles. 

The  principal  eastern  tributaries  of  this  stream  rise  on  the  west 
slopes  of  San  Gabriel  Mountains  and  flow  down  to  San  Fernando 
Valley  in  deep  rocky  canyons  which  have  been  eroded  in  the  granitic 
rocks  of  the  mnge  (see  fig.  12).  These  streams  are  torrents  during 
the  rainy  season,  but  dwindle  to  mere  rivulets  in  the  summer.  When 
in  flood  they  transport  a  vast  amount  of  detritus,  sand,  gravel,  and 
bowlders  to  the  plain  below,  and  have  buried  the  old  drainage  lines 
across  the  east  end  of  San  Fernando  Valley  beneath  extensive  detritus 
cones,  into  which  the  surface  streams  sink  except  in  times  of  extraor- 
dinary floods. 

The  western  tributaries  of  Los  Angeles  River  rise  in  Santa  Susanna 
Mountains,  which  bound  San  Fernando  Valley  on  the  north,  and  in 
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Santa  Monica  Mountains  on  the  south.  These  streams  are  small, 
mrcly  reaching  the  eastern  end  of  the  valley.  They  flow  over  sand- 
stones, shales,  clays,  etc.,  and  are  strongly  impregnated  with  alkaline 
salts,  in  strong  contrast  to  the  pure  water  from  the  granitic  range  to 
the  east. 

After  flowing  southerly  in  a  broad  underground  channel  beneath 
the  detritus  in  the  east  end  of  San  Fernando  Valley,  the  water  of 
Los  Angeles  River  is  deflected  easterly  by  the  impervious  rocks  of 
Santa  Monica  Mountains.  This  barrier,  taken  together  with  the  con- 
traction of  the  underground  channel,  so  obstructs  the  free  percolation 
below  that  much  of  the  ground  water  rises  and  flows  as  a  surface 
stream  again. 


PACIFIC       OCBJLH 


Fio.  12.— Drainage  basin  of  Los  Angeles  River. 

After  rounding  the  eastern  end  of  Santa  Monica  Mountains  the 
river  flows  through  a  region  of  low,  rolling  hills  in  a  valley  which  is 
about  2i  miles  across  at  the  widest  place  and  narrows  to  half  a  mile  at 
Los  Angeles,  6  miles  below.  This  valley  was  formerly  deeper  than  at 
present,  and,  in  conmion  with  San  Fernando  Valley  above,  has  been 
partially  filled  with  river  detritus,  which  near  the  mountains  is  very 
coarse  but  becomes  fine  and  contains  beds  of  sand  and  silt  toward 
the  south.  The  gradual  change  from  coarse  to  fine  material  in  con- 
nection with  the  contraction  of  the  underground  channel  without 
doubt  causes  the  rise  of  ground  water  along  this  6-mile  section  of  the 
river.  At  the  mouth  of  the  Arroyo  Seco  a  marked  change  occurs  in 
the  character  of  the  stream  detritus.  This  stream  is  steep-graded  and 
torrential,  heading  on  the  precipitous  slopes  of  San  Grabriel  Mountains 
(see  fig.  12).     After  leaving  the  mountains  it  flows  in  a  canyon  cut 
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across  the  hill  country  to  its  junction  with  Los  Angeles  River.  It 
carries  bowlders,  coarse  gravels,  and  sand  into  the  river  valley,  and  its 
wide-spreading  debris  cone  at  the  mouth  of  the  can^^on  has  forced 
Los  Angeles  River  to  the  southwest  side  of  the  old  valle3^  '  There  is 
evidence  that  this  ddbris  cone  was  once  more  extensive  than  now,  and 
it  without  doubt  then  acted  as  a  barrier  to  the  flow  of  the  river,  thus 
perhaps  accounting  in  a  measure  for  the  fine  material  in  the  valley 
immediately  above.  About  2  miles  below  Huron  street  the  river 
flows  out  on  an  alluvial  plain  and  the  surface  stream  soon  sinks. 

Lower  Los  Angeles  River,  extending  from  Huron  street  12  miles 
northwesterly,  being  supplied  by  underground  water,  is  remarkably 
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Fio.  18.~Underflow  tests  at  station  L 

uniform  in  its  discharge,  little  difference  being  noted  throughout  the 
year.  The  entire  surface  and  part  of  the  underflow  is  diverted  by  the 
city  of  Los  Angeles  for  domestic  use  and  irrigation. 

TESTS  IN  1902. 

The  following  preliminary  tests  were  made  in  Los  Angeles  River 
valley  during  September  and  October,  1902.  The  tests  made  at 
stations  1  and  2  were  mainly  for  the  purpose  of  adapting  the  apparatus 
to  local  conditions. 

STATIONS  AND   RESULTS. 

Station  1  is  in  Los  Angeles  River  bed,  at  the  Los  Felis  road  bridge, 
near  Huron  street  (see  fig.  21).    A  group  of  well  points  was  driven 
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by  hand  to  a  depth  of  11  feet.  The  velocity  of  the  underflow  was  27 
feetper  day  between  3  feet  and  11  feet,  and  the  movement  was  S.  SC-  E., 
or  away  from  the  surface  stream,  which  was  actually  losing  water  at 
this  point.  Later  the  water  table  was  found  to  slope  in  the  direction 
indicated  by  the  underflow.  The  order  of  the  strata,  record  of  the 
wells,  and  the  velocity  measurements  at  this  station  are  shown  in  fig. 
13.  Sixty -five  feet  to  the  east  of  this  station  another  group  of  well 
points  was  driven  to  a  depth  of  11  feet  and  tested  between  3  feet  and  11 
feet,  but  no  underflow  was  detected.  They  were  then  driven  to  a 
depth  of  19  feet,  and  tested  between  11  feet  and  19  feet,  with  the  same 

^  Log  of  well  Underflow  teats 
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Pig.  14.—Underflow  tests  at  station  2. 


result.  As  these  were  driven  wells  no  samples  were  collected,  but  the 
material  appeared  to  be  fine  silt  except  near  the  surface,  where  it  was 
somewhat  sandy,  and  it  is  probable  that  the  underflow  at  station  1 
was  through  this  top  stratum. 

In  August  and  September,  1903,  the  Southern  Pacific  Railroad  Com- 
pany dug  pits  for  bridge  piers  in  the  river  bed  about  100  feet  east  of 
this  point.  The  material  penetrated  was  mainly  mud  and  silt,  with  a 
few  irregular  seams  of  sand.  Only  the  sand  beds  were  water  bearing; 
they  are  from  2  to  4  inches  thick. 

Station  2  is  on  the  west  side  of  the  river,  1  mile  above  the  Huron 
street  section^  as  shown  in  fig.  12.     A  group  of  well  points  was  driven 
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by  hand  to  a  depth  of  9i  feet,  and  a  test  made  between  1^  feet  and  9^ 
feet,  showing  the  direction  of  the  underflow  to  be  S.  5^  E.,  velocity 
5  feet  per  day.  No  samples  of  the  strata  pierced  were  collected,  but 
the  amount  of  water  pumped  indicated  that  the  ground  was  not  porous. 
The  order  of  the  strata,  record  of  the  wells,  and  the  velocity  measure- 
ments are  shown  in  fig.  14. 

The  testing  apparatus  was  then  moved  upstream  to  San  Fernando 
Valley,  where  the  conditions  of  underflow  and  the  extent  of  the  ground 
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Fio.  15.— Underflow  testa  at  station  3. 

water  have  been  thoroughly  studied.  The  object  of  these  tests  was  to 
determine,  if  possible,  the  relation  of  the  slope  of  the  water  table  to 
the  direction  and  velocity  of  the  underflow. 

Station  3  is  on  the  east  bank  of  Tujunga  Wash,  near  its  junction 
with  Los  Angeles  River,  as  shown  in  fig.  12.  A  group  of  well  points 
was  driven  by  hand  to  a  depth  of  14i  feet,  and  a  test  made  between 
6i  feet  and  14^  feet,  where  the  direction  of  the  undei-flow  was  S.  23^ 
E.,  velocity  17  feet  per  day.  The  wells  were  then  driven  deeper  and 
a  test  made  between  14^  feet  and  22^  feet,  but  no  underflow  could  be 
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detected.  No  samples  were  collected.  The  underflow  appeared  to  be 
along  the  gravel  beds  in  the  bottom  of  the  wash. 

The  order  of  the  strata,  record  of  the  wells,  and  the  velocity  meas- 
urements are  shown  in  fig.  15. 

Station  4  is  on  the  east  bank  of  Tujunga  Wash,  as  shown  in  fig. 
12.  A  group  of  well  points  was  here  driven  by  hand,  and  a  test  made 
between  6^  feet  and  14^  feet,  where  the  direction  of  the  underflow 
was  S.  13^  E.,  velocity  4^  feet  per  day.     These  wells  were  driven 
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Fio.  16.~Upderflow  teste  at  station  4. 

deeper,  and  a  test  was  made  as  at  station  3,  but  no  underflow  could 
be  detected.  The  order  of  the  strata,  record  of  the  wells,  and  the 
velocity  measurements  are  shown  in  fig.  16. 

Station  5  is  on  Los  Angeles  River,  near  the  road  from  Burbank 
to  Cahuenga  Pass,  as  shown  in  fig.  12.  A  group  of  well  points  was 
here  driven  by  hand  to  a  depth  of  34i  feet,  and  a  test  made  between 
26i  feet  and  84^  feet,  where  the  direction  of  the  underflow  was  S.  40^ 
E.,  velocity  48  feet  per  day.  The  water  from  this  depth  rose  to  a 
point  6  feet  above  the  surface,  and  it  is  possible  that  the  high  velocity 
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was  caused  by  leakage  upward  around  the  casing,  which  drew  the 
charged  water  toward  the  well.  Borings  were  made  with  a  2-inch 
auger  at  this  station.  The  order  of  the  sti*ata,  record  of  the  wells, 
and  the  velocity  measurements  are  shown  in  fig.  17. 

Station  6  is  in  Tujunga  Wash,  south  of  the  road  from  Burbank  to  Ca- 
huenga  Pass,  as  shown  in  fig.  12.  This  group  of  wells  was  driven  to 
a  depth  of  16  feet,  and  a  test  made  between  8  feet  and  16  feet,  where 
the  underflow  was  N.  75^  E.,  velocity  3i  feet  per  day.  Borings  were 
made  with  a  2-inch  auger  at  this  station!     The  order  of  the  strata, 
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Fio.  17.'Underflow  tests  at  station  5. 

record  of  the  wells,  and  the  velocity  measurements  are  shown  in 
fig.  18. 

Station  7  is  on  the  left  bank  of  Lios  Angeles  River,  1  mile  south  of 
Burbank,  at  the  mouth  of  a  broad  sandy  wash  (see  fig.  12).  This 
group  of  wells  was  driven  by  hand  to  a  depth  of  8  feet,  and  a  test 
made  between  5  feet  and  8  feet,  where  the  direction  of  the  underflow 
was  due  east,  velocity  2^  feet  per  day.  The  underflow  was  away 
from  the  surface  stream,  and  the  slope  of  the  water  table  was  after- 
wards found  by  leveling  to  be  in  the  direction  indicated  by  the  under- 
flow. The  order  of  the  strata,  record  of  the  wells,  and  the  velocity 
measurements  are  shown  in  fig.  19. 
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Station  8  is  on  the  left  bank  of  Los  Angeles  River,  1  mile  south  of 
Burbank,  at  the  mouth  of  a  sandy  wash  (see  fig.  12).  This  group 
of  wells  was  driven  by  hand  to  a  depth  of  9  feet,  and  a  test  made 
between  1  foot  and  9  feet,  where  the  underflow  was  found  to  be  N. 
60°  E.,  velocity  6.4  feet  der  day.  The  order  of  the  strata,  record  of 
the  wells,  and  the  direction  of  the  underflow  are  shown  in  fig.  20. 

These  tests  indicate  that  in  general  the  underflow  is  in  the  direction 
of  the  greatest  slope  of  the  water  table,  although  there  are  marked 
variations.  No  relation  could  be  traced  between  the  slope  of  the  water 
table  and  the  velocity  of  the  underflow.  The  conclusion  drawn  from 
the  few  tests  made  was  that  the  underflow  tends  to  follow  the  most 
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Fio.  18.— tJDderflow  tests  at  station  6. 

pervious  strata,  even  if  the  extension  of  these  beds  varies  considerably 
from  the  general  slope  of  the  water  table.  The  maximum  velocities 
are  also  found  in  such  strata. 

TESTS  AT  HURON  STREET  IN   1903. 

Extensive  tests  were  made  at  the  narrows  of  the  Los  Angeles  River 
along  Huron  street,  Los  Angeles,  Cal.,  in  1903  (see  tig.  21).  This 
locality  will  be  spoken  of  as  the  Huron  street  section.  It  was  selected 
for  the  following  reasons: 

(1)  In  1896  the  city  drilled  several  test  wells  to  bed  rock,  furnishing 
valuable  data  regarding  the  cross  section  of  the  pervious  gravel  beds. 
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(2)  The  city  water  commissioners  are  now  driving  a  tunnel  in  bed  rock 
beneath  the  river  channel,  beginning  about  half  a  mile  south  of  Huron 
street,  to  extend  entirely  across  the  valley  (see  fig.  12).  It  is  the 
intention  in  the  future  to  drill  wells  through  the  pervious  grav^els  and 
the  bed  rock  above  the  tunnel  and  by  perforating  them  draw  off  the 
percolating  ground  water  through  the  tunnel  and  pump  it  to  the  city 
reservoirs.  It  was  believed  that  the  amount  of  water  intercepted  by 
the  tunnel  would  give  an  approximate  check  on  the  accuracy  of  the 
ground- water  measurements. 

(3)  The  locality  is  near  shops  at  which  tools  and  machinery  could  be 
repaired,  or  manufactured  if  necessary. 

Log  of  well  Underflow  tests 
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Fio.  19.— Underflow  teets  at  station  7. 

The  surface  profile  of  Huron  street  and  the  cross  section  of  the  per- 
vious gravels  below  are  shown  in  fig.  22.  The  points  marked  station 
1  and  statioas  9  to  16  on  both  map  and  profile,  figs.  21  and  22,  repre- 
sent groups  of  test  wells  sunk  by  the  United  States  Geological  Survey. 
The  points  numbered  1-7  represent  test  wells  sunk  by  the  city  of  Los 
Angeles  in  1896,  and  the  wells  numbered  8-22  represent  house  wells  in 
the  vicinity.  .  The  underground  cross  section  was  platted  from  the 
information  supplied  by  the  various  test  wells  and  house  wells  in  the 
vicinity.  This  representation  of  the  underground  conditions  is  necessa- 
rily incomplete,  but  no  additional  information  is  obtainable  at  present. 
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Attention  is  called  to  the  fact  that  the  pervious  beds  of  sand  and 
gravel  in  this  section  (fig.  22)  fall  into  two  distinct  groups,  the  lower 
and  most  westerly  filling  the  bottom  of  the  old  channel  of  Los  Angeles 
River.  The  easterly  group  is  without  doubt  the  thinning  edge  of  the 
Arroyo  Seco  debris  cone.  This  is  proved  by  the  fact  that  the  coarse 
debris  from  the  Arroyo  Seco  can  be  traced  directly  to  this  place.  The 
terrace  at  the  east  end  of  the  section  is  also  composed  of  the  same 
material. 

The  tests  of  underflow  point  to  the  conclusion  outlined  above;  in  the 
lower  gravel  bed  the  direction  of  the  underflow  is  down  the  general 
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Fio.  20.'nnderflow  testa  at  station  8. 

trend  of  the  river  valley,  as  shown  by  the  arrows  on  the  map  at  sta- 
tions 1  and  9-11;  while  at  stations  12, 13, 14, 15,  and  16  the  divergence 
from  the  trend  of  the  valley  is  very  marked — in  fact,  at  station  15  the 
flow  at  present  is  up  Los  Angeles  River  Valley. 

It  is  probable,  however,  that  this  reversion  of  the  flow  is  due  to  the 
rise  of  the  water  table  in  the  Arroyo  Seco  debris  cone.  Normally  the 
underflow  is  probably  from  Los  Angeles  River  down  the  slope  of  the 
water  table,  as  indicated  by  the  broken  contours  in  fig.  21,  which  show 
the  slope  of  the  water  table  in  December,  1902,  while  the  dotted  con- 
tours show  the  slope  in  June,  1903,  the  change  being  due,  as  above 
noted,  to  the  floods  of  the  Arroyo  Seco.     The  portions  of  the  cross 
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section  where   measurable  velocities  were  observed  are  diagonally 
cross  hatched.     The   rest  of   the  section   appears  to   be  practically 
impervious. 
The  depths  at  which  the  various  tests  were  made  and  the  direction 


Fio.  21,— Map  ol  Huron  street  and  vicinity.  Unbroken  linea  are  surface  contours  showing  topog- 
raphy; broken  lines  show  form  of  water  table  in  December,  1902;  dotted  lines  show  form  of  water 
table  in  June,  1903. 

and  velocity  of  the  underflow  measured  are  shown  in  figs.  23-30. 

Attention  is  called  to  the  general  agreement  in  the  slope  of  the 
water  table  and  direction  of  the  underflow. 


Fig.  22.— Huron  street  cross  section. 
STATIONS   AND   RESULTS. 


The  first  test  made  was  at  station  9  (fig.  21),  just  above  station  1.  A 
group  of  well  points  was  driven  with  a  hand  rig  and  tested  between 
15  feet  and  23  feet.  The  direction  of  the  unde inflow  was  S.  30^  E., 
parallel  with  the  surface  stream,  velocity  77  feet  per  day.    The  well 
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points  were  then  driven  deeper  and  a  test  made  between  22  feet  and 
30  feet,  where  the  direction  of  the  underflow  was  S.  30^  E. ,  velocity 
20.8  feet  per  day.  The  order  of  the  strata,  record  of  the  wells,  and 
the  velocity  measurements  are  shown  in  fig.  23. 

The  ampere  curve  of  the  second  test  at  this  station  is  shown  in  fig. 
11,  a.     It  illustrates  what  form  of  curve  may  be  expected  with  high 

Log  of  well 


Eine  sand    20' 


Fine  gravel   6' 

Medltun  gravel   2' 
Fine  gravel  2' 

Coarse  ^and  4f 

Medium  grav^   4' 

Quicksand   2' 
Gravel    1' 

Shale  ^ 


0' 

Underflow  tests 

15' 

o 

j 

a 
o 

5 

22' 

1 

S  30**  E 

77' 

23' 

80' 

2 

S30"E 

20.8' 

Vertical  scale 


10 


20 


80  feet 


Fig.  23.— Underflow  teste  at  station  9. 

velocities  and  shows  that  observations  at  intervals  of  a  few  minutes 
must  be  taken  to  correctly  delineate  such  a  curve.  This  is  an  extreme 
case,  however.  A  test  well  was  sunk  by  the  hydraulic-jetting  method 
here  and  the  record  of  the  wells  is  based  on  the  material  washed  out 
of  the  drivepipe.  The  pipes  broke  when  it  was  attempted  to  drive 
them  beyond  about  30  feet  and  no  deeper  tests  were  made. 
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Station   10   is  on  the  left  bank  of  the  river,  as  shown  in  fig.  21. 
This  group  of  wells  was  sunk  with  a  hand  rig,  using  the  heavy  drive- 
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Fio.  24.~Underflow  tests  at  station  10. 


80  feet 


pipe  described  on  page  16.     The  first  test  was  made  between  41  feet 
and  49  feet.     The  direction  of  the  underflow  was  S.  50^  E.,  velocity  7 
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feet  per  day.  It  should  be  noted  that  the  flow  was  probably  through 
the  stratum  between  46  feet  and  50  feet.  Tests  were  afterwards 
made  betweeen  33  feet  and  41  feet,  between  25  feet  and  33  feet,  and 
between  17  feet  and  25  feet  but  no  underflow  was  detected.     The 
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Fig.  25.— Underflow  testa  at  station  11. 


material  washed  out  of  the  drivepipe  also  indicated  that  the  ground 

wa«  practically  impervious.     The  order  of  the  strata,  record  of  the 

wells,  and  the  velocity  measurements  at  this  station  are  sliown  in  fig.  24. 

Station  11  is  between  the  Southern  Pacific  Kailroad  and  Avenue  20, 
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fts  shown  in  fig.  21.  One  well  of  this  group  was  sunk  with  the  hand- 
rig  and  the  rest  by  the  well-driving  machiner}^  as  described  on  page 
12.  The  fii'st  test  was  made  between  95  feet  and  103  feet,  but  the 
result  was  uncertain,  the  final  conclusion  being  that  there  was  no 
lunderflow  at  this  depth.  Other  tests  were  made  between  87  feet  and 
95  feet,  between  79  feet  and  87  feet,  between  71  feet  and  79  feet,  and 
between  63  feet  and  71  feet,  but  no  underflow  could  be  detected.  The 
water  from  63  feet  to  104  feet  was  heavily  charged  with  sulphureted 
hydrogen.     A  test  was  then    made  between   55  feet   and  68  feet. 
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Fio.  26.— Underflow  tests  at  station  12. 


The  direction  of  the  underflow  was  S.  30°  E.,  velocity  10  feet  per 
day.  Another  test  was  made  between  49  feet  and  57  feet.  The  direc- 
tion of  the  underflow  was  due  south  and  the  velocity  10  feet  per  day. 
This  was  followed  by  a  test  between  41  feet  and  49  feet,  where  the 
direction  of  the  underflow  was  S.  30^  E.,  velocity  16  feet  per  day. 
The  next  test  was  between  33  feet  and  41  feet,  where  the  direction  of 
the  underflow  was  S.  30°  W.,  velocity  20  feet  per  day.  Two  more 
tests  were  made,  one  between  25  feet  and  33  feet  and  another  be- 
tween 17  feet  and  25  feet,  but  no  underflow  was  detected.    The  order 
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of  the  strata,  record  of  the  well^,  and  the  velocitj^  measurements  at 
this  station  are  shown  in  fig.  25.  The  wide  divergence  in  the  direc- 
tion of  the  underflow  at  this  station,  amounting  to  60^,  indicates 
that  the  water  follows  the  most  open  stmta. 

Station  12  is  at  the  intersection  of  Huron  street  and  Avenue  22,  as 
shown  in  fig.  21.  Tests  were  made  between  63  feet  and  71  feet,  between 
53  feet  and  61  feet,  between  44  feet  and  52  feet,  and  between  35  feet 
and  43  feet,  but  no  underflow  was  detected.  The  next  test  was  made 
between  27  feet  and  35  feet,  where  the  direction  of  the  underflow  was 
S.  15^  W.,  velocity  48  feet  per  day,  and  also  S.  75°  W.,  velocity  48 
feet  per  day,  the  underflow  here  apparently  being  through  two  porous 
strata  in  which  the  directions  of  movement  diverge  60°.     The  last 
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Fig.  27.— Underflow  tests  at  station  IS. 

test  was  made  between  20  feet  and  27  feet,  where  no  underflow  was 
detected.  The  order  of  the  strata,  record  of  the  wells,  and  the  velocdt}'^ 
measurements  are  shown  in  fig.  26.  Below  50  feet  the  water  was 
impregnated  with  suiphureted-hydrogen  gas. 

Station  13  is  at  the  corner  of  Huron  street  and  Avenue  26,  as  shown 
in  fig.  21.  A  test  was  made  between  38  feet  and  46  feet,  where  the 
direction  of  the  underflow  was  S.  15^  W.,  velocity  68  feet  per  day. 
The  next  test  was  between  30  feet  and  38  feet,  where  the  direction  of 
the  underflow  was  S.  16^  W.,  and  the  velocity  20  feet  per  day.  The 
last  test  was  between  24  feet  and  30  feet,  where  the  direction  of  the 
underflow  was  S.  46^  W.,  veloc^ity  3.4  feet  per  day.  The  order  of 
the  strata,  record  of  the  wells,  and  the  velocity  measurements  are 
shown  in  tig.  27.     Attention  is  called  to  the  westerly  direction  of  the 
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underflow,  due,  without  doubt,  to  the  influence  of  the  rising  water 
table. 

Station  14  is  at  the  crossing  of  Huron  street  and  River  street,  as 
shown  in  fig.  21.  The  first  test  was  between  44  feet  and  62  feet,  where 
the  direction  of  the  underflow  was  S.  75^  W.,  velocity  48  feet  per 
day.  The  next  test  was  between  36  feet  and  44  feet,  where  the  direc- 
tion of  the  underflow  was  S.  76^  W.,  velocity  32  feet  per  day.     The 
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Fig.  28.— Underflow  tests  at  station  14. 


top  of  the  well  screen  being  at  about  the  level  of  the  water  plane 
before  the  rise  due  to  the  floods  of  the  Arroyo  Seco,  it  was  decided  to 
leave  the  pipes  in  the  ground  and  test  the  direction  and  velocity  of  the 
underflow  as  the  water  table  gradually  falls.  That  it  will  fall  is  proved 
by  the  fact  that  the  wells  above  are  now  lowering  at  about  1  foot  per 
week.  The  order  of  the  strata,  record  of  the  wells,  and  the  velocity 
measurements  are  shown  in  fig.  28. 
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Station  15  is  at  the  eastern  termination  of  Huron  street,  as  shown 
in  fig.  21.     The  tirst  test  was  made  between  45  feet  and  47  feet,  but 
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no  underflow  was  detected.     A  test  was  then  made  between  42.5  feet 
and  44.6  feet,  where  the  direction  of  the  underflow  was  N.  75°  W., 
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veloi'ity  H  feet  per  day.     The  next  test  was  between  40  feet  and  42 
feet,  where  the  direction  of  the  underflow  was  N.  76^  W.,  velocity 
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Fig.  80.— Underflow  teste  at  station  16. 
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3.5  feet  per  day.  Another  test  was  made  between  38  feet  and  40  feet, 
where  the  direction  of  the  underflow  was  N.  75^  W.,  velocity  3.4  feet 
per  day.     The  last  test  was  made  between  30  feet  and  38  feet,  where 

Digitized  by  ^OOQ IC 


HiMUN.]  TESTS    AT   HURON   STREET   IN    1903.  51 

the  direction  of  the  underflow  was  N.  75^  W.,  velocity  11  feet  per  day. 
The  order  of  the  strata,  record  of  the  wells,  and  the  velocity  measure- 
ments are  shown  in  fig.  29. 

Station  16  is  north  of  Huron  street,  between  Avenue  20  and  Avenue 
22,  as  shown  in  fig.  21.  Tests  were  made  between  52  feet  and  66  feet 
and  between  49  feet  and  62  feet,  but  no  underflow  was  detected.  The 
next  test  was  made  between  46  feet  and  49  feet,  where  the  under- 
flow was  S.  22^  W.,  velocity  4  feet  per  day.  Tests  were  then  made 
between  41  feet  and  45  feet,  between  37  feet  and  41  feet,  between  33 
feet  and  37  feet,  and  between  29  feet  and  33  feet,  but  no  underflow  was 
detected.  A  test  was  then  made  between  26  feet  and  29  feet,  where  the 
direction  of  the  underflow  was  S.  8*^  E.,  velocity  96  feet  per  day. 
The  last  test  was  made  between  21  feet  and  26  feet,  but  no  underflow 
was  noted  here.  The  order  of  the  strata,  record  of  the  wells,  and  the 
velocity  measurements  are  shown  in  fig.  30. 

Attention  is  directed  to  the  probability  of  this  well  having  pene- 
trated both  pervious  areas  in  the  Huron  street  cross  section,  as  shown 
in  fig.  22.  All  the  ground  tested  here,  except  the  two  beds  in  which 
underflow  was  detected,  seemed  to  be  close-textured  and  practically 
impervious. 

DISCHARGE   AT  HURON   STREET. 

Owing  to  the  reversal  in  the  normal  direction  of  underflow,  by  the 
floods  of  the  Arroyo  Seco,  it  is  not  possible  to  estimate,  except  very 
approximately,  the  quantity  of  ground  water  passing  the  Huron  street 
section.  The  observed  facts  are  here  presented,  from  which  engineers 
may  draw  their  own  conclusions  regarding  the  tests  and  value  of  the 
computations  submitted. 

The  western  and  lower  gravel  bed,  shown  on  the  cross  section,  fig. 
22,  has  a  cross-sectional  area  of  approximately  17,000  square  feet,  and 
the  upper  and  eastern  gravel  bed  has  a  cross-sectional  area  of  about 
30,700  square  feet  below  the  water  plane  of  1896.  These  figures  are 
based  on  the  results  of  the  underflow  tests,  and  on  the  assumption 
that  all  the  cross  section  where  flow  was  not  detected  has  a  velocity 
of  underflow  of  1  foot  per  day.  The  outline  of  the  pervious  sections 
was  sketched  from  station  to  station. 

The  average  of  all  the  velocities  observed  in  the  western  gravel  bed 
is  20.6  feet  per  day,  and  the  porosity  is  assumed  to  be  25  per  cent. 
Using  this  data,  the  discharge  from  this  portion  of  the  section  should 
be  17,000X20.6X0.25=87,660  cubic  feet  per  day.  This  discharge 
should  be  reduced  by  about  20  per  cent  to  correct  for  the  obliquity  of 
flow  across  the  section,  87,550x0.8=70,040  cubic  feet,  or  524,(H)0 
gallons  per  day,  in  round  numbers. 
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The  average  of  all  the  velocities  observed  in  the  eastern  gravel  bed 
is  30.9  feet  per  day.  If  it  is  assumed  that  under  noimal  conditions 
the  height  of  the  water  table  is  represented  by  the  line  marked  1896 
in  fig.  22,  the  area  of  the  cross  section  through  which  flow  takes 
place  will  be  30,700  square  feet.  The  slope  of  the  water  table  was 
not  radically  different  in  1896  (the  assumed  normal  condition)  from 
what  it  was  in  1903,  when  the  underflow  tests  were  made,  but  the 
direction  of  the  flow  in  the  eastern  end  of  the  section  was  deflected 
nearly  or  quite  90  degrees  from  the  normal.  It  is  assumed  that  since 
the  degree  of  slope  of  the  water  table  at  these  two  periods  is  approxi- 
mately the  same,  the  velocity  of  underflow  was  not  radically  different. 
Under  normal  conditions,  the  direction  of  flow  makes  an  angle  of 
about  30  degrees  with  the  line  of  Huron  street.  The  computed  dis- 
charge has  been  multiplied  by  0.50,  the  sine  of  30  degrees,  to  correct 
for  the  obliquity  in  the  direction  of  the  flow.  The  porosity  is  here 
assumed  to  be  25  per  cent,  as  before.  The  discharge  from  this  portion 
of  the  section  should  then  be  30,700X30.9X0.25X0.5=118,578  cubic 
feet,  or  889,000  gallons  per  day,  in  round  numbers. 

Although  no  flow  was  detected  in  the  rest  of  the  cross  section, 
between  the  water  table  and  bed  rock,  it  can  not  be  entirely  impervi- 
ous, and  it  is  assumed  that  the  average  velocity  is  1  foot  per  day. 
This  is  certainly  a  maximum,  as  many  tests  were  continued  long 
enough  to  detect  as  low  a  velocity  as  this. 

If  the  average  porosity  is  assumed  to  be  25  per  cent  as  above,  and 
the  average  direction  of  underflow  is  at  an  angle  of  30  degrees  with 
Huron  street,  the  discharge  from  this  section  should  be  60,000X1  X 
0.25X0.50=7,500  cubic  feet  per  day,  or  56,000  gallons,  in  round  num- 
bers. 

The  total  computed  discharge  from  the  Huron  street  section  will 
then  be  196,118  cubic  feet  per  day,  or  2.27  cubic  feet  per  second. 

The  city  tunnel  has  now  been  driven  1,163  feet  under  the  river  bed, 
one-fourth  mile  below.  This  tunnel  yields  about  7  second-feet  when 
pumped  for  a  short  time  at  intervals  of  a  few  days.  The  supply  from 
the  tunnel  has  so  far  been  drawn  from  the  water  stored  in  the  gravels 
in  the  immediate  vicinity,  pumping  not  having  as  yet  been  continued 
long  enough  to  demonstrate  what  the  gravel  beds  will  yield. 

COST  OF  TESTS  AT  HURON   STBEET. 

The  following  table  shows  the  average  cost  of  testing  underflow  at 
Los  Angeles,  Cal.,  for  a  period  of  two  months,  using  the  well-drilling 
machinery  and  testing  apparatus  described  in  this  report: 
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Co8i  of  underflow  teats  at  Huron  streetf  Los  Angeles,  Col.,  from  May  14  to  July  I4,  190S. 


Total 
expenses 

lor  2 
months. 

Driving 
pipe. 

Pulling 
pipe. 

Testing. 

Well  driller 

1150 

100 

70 

150 

120 

40 

30 

8 

150 

$96 
64 
40 

122 
14 
10 

$32 

I  Ahorers 

22 

Cook 

20 

Observer 

150 

Subeifitence 

50 

28 

20 
6 

50 

Repairs 

6 

Ohemicftls ,,.,,..,,..^ 

30 

Fuel 

6 
60 

2 
30 

Supervision 

60 

Total 

818 

344 

104 

370 

Pipe  driven,  989  feet;  cost  per  foot,  $0,348. 

Pipe  pulled,  929  feet;  cost  per  foot,  $0,111. 

Total  number  of  underflow  tests,  16;  cost  per  test,  $23,125. 

Total  average  cost  per  test,  including  driving,  pulling,  etc.,  $51,125. 

The  well-drilling  machinery  described  was  constructed  in  Los 
Angeles  from  designs  furnished  the  foundrymen  and  from  machinery 
purchased  at  local  supply  houses. 

Cost  of  weUrdrULing  machinery. 

Cost  of  drilling  rig  in  Los  Angeles $870. 00 

Two  hundred  linear  feet  of  3-inch,  double,  extra-heavy  drive  pipe,  with 
taper-joint  couplings,  at  $4  per  foot 800. 00 

Total 1,670.00 

SUMMARY. 

The  following  suggestions  are  based  on  the  experience  gained  during 
the  work  at  Huron  street  and  in  the  San  Fernando  Valley: 

(1)  The  location  of  the  section  where  it  is  proposed  to  test  the  under- 
flow should  be  carefully  studied.  It  should  be,  if  possible,  in  a  straight 
sti'etch  of  the  valley,  and  at  some  distance,  either  up  or  down,  from 
large  tributary  streams. 

(2)  The  form  and  slope  of  the  water  table  should  be  ascertained  and 
the  line  of  test  stations  placed  most  advantageously. 

(3)  In  order  to  secure  accurate  results,  the  testing  stations  should 
be  close  together  along  the  line  of  the  section. 

(4)  The  well  screens  should  be  short  and  the  ground  should  be 
tested  fit  each  2  to  4  feet  in  depth,  down  to  bed  rock  when  possible. 


Digitized  by  VjOOQIC 


54  UNDERFLOW   TESTS   IN   LOS   ANGELES   BASIN.  [no. Ill 

(5)  If   possible,   the    porosity   of    the    pervious    beds    should    be 
determined. 

(6)  When  making  deep  tests  some  form  of  drive  pipe  and  screen 
such  as  described  on  the  preceding  pages  should  be  used. 

(7)  Recording  ampere  meter  and  switch  clocks  should  be  used. 
The  discharge  from  a  given  section  will  undoubtedly  be  far  less 

than  anticipated,  the  popular  tendency  being  to  greatly  overestimate 
the  amount  of  underflow.  Even  if  the  results  attained  by  this  method 
of  testing  are  not  as  accurate  as  desired,  they  are,  nevertheless,  of 
great  value,  as  they  enable  investigators  to  compute,  appix)xiniately, 
what  could  only  be  roughly  estimated  before.     . 
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LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 
United  States  Geological  Survey, 
Washington,  I).  C,  January  27^  190If,. 
Sm:  I  have  the  honor  to  transmit  herewith  two  manuscripts,  the 
first  entitled  "Strawboard  Waste:  Its  Damage  to  Water  Resources 
and  its  Economic  Disposal,"  by  R.  L.  Sackett;  the  second,  ''Disposal 
of  Oil- Well  Wastes  at  Marion,  Ind.,''  by  Isaiah   Bowman,   and  to 
request  that  they  be  published  together  as  one  of  the  series  of  Water- 
Supply  and  Irrigation  Papers. 

These  papers  include  a  part  of  the  results  of  investigations  made  by 
the  division  of  hydro-economics.  The  detennination  of  the  quality  of 
available  waters  in  the  United  States  and  their  applicability  to  domes- 
tic and  industrial  uses  involves  a  consideration  of  the  principal  sources 
of  their  pollution. 

The  subjects  dealt  with  in  these  papers  represent  two  particularly 
troublesome  sources  of  damage  to  water  resources.  The  areas  in 
which  such  damage  occurs  are  very  large  and  important,  pollution  of 
the  kind  considered  in  the  first  paper  covering  the  States  of  Ohio, 
Indiana,  and  Illinois,  and  that  discussed  in  the  second  paper  having 
been  felt  in  all  those  paits  of  the  country  in  which  oil  wells  have  been 
developed. 

These  investigations  were  undertaken  in  an  experimental  way,  and 
it  is  hoped  that  they  may  serve  to  direct  wider  attention  to  the  prob- 
lems involved,  to  the  end  that  practical  solutions   may  be  reached 
which  will  be  satisfactory  to  all  those  whose  interests  are  involved. 
Very  I'espectfuIIy, 

F.  H.  Newell, 

Chief  Engineer, 
Hon.  Charles  D.  Walcott, 

D^irector  United  States  Geological  Survey. 

7 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


STRAWBOARD  WASTE:  ITS  DAMAGE  TO  WATER 
RESOURCES  AND  ITS  ECONOMIC  DISPOSAL 


By  Robert  Lemuel  Sackett. 


INTRODUCTION. 

Rivers  and  streams  have  a  commercial  value  by  which  they  have 
been  universally  rated,  yet  in  many  cases  this  ratinf^  must  properly 
take  into  account  more  than  strictly  commercial  or  industrial  uses. 
Water  power  or  shipping  facilities  have  often  determined  the  location 
of  a  mill  where  a  city  was  unforeseen,  and  the  value  of  the  stream  as  a 
source  of  water  supply  for  culinary  or  drinking  purposes  has  thus 
often  been  left  entirely  out  of  consideration.  But  watercourses  con- 
tribute not  only  to  the  commercial  value  of  a  location,  but  to  health, 
!ind  their  influence  on  health  has  now  become  an  important  factor  in 
determining  the  money  value  of  the  lands  bordered  by  them.  Health 
and  wealth  are  in  some  localities  dependent  on  the  condition  and  flow 
of  streams. 

All  sanitary  authorities  now  recognize  the  vital  necessity  of  provid- 
ing a  pure  source  of  municipal  or  private  water  supply.  Family  wells 
and  springs  can  safely  serve  but  a  small  proportion  of  the  population. 
The  urban  population  is  now  about  60  per  cent  of  the  total,  and  as  it 
grows  the  percentage  dependent  on  municipal  supply  will  increase. 
It  is  to  this  class  of  water  supplies  that  this  discussion  is  confined. 

SOURCES  AND  EFFECrS  OF  STREAM  POIiliUTION. 

SEWAGE   POLLUTION. 

As  the  wilderness  was  subdued  by  the  pioneer,  small  mills  and  towns 
were  established  on  lakes,  rivers,  and  streams.  By  cutting  the  forests 
and  draining  the  cultivated  and  settled  areas  the  character  of  the 
stream  flow  was  changed.  Forests  are  natural  reservoirs,  where  the 
rainfall  is  stored,  to  be  given  up  gradually.  Cultivation  and  drainage 
aid  in  producing  a  rush  of  water  to  the  streams  after  rains,  which  is 
followed  by  a  period  of  very  low  flow  in  a  dry  season.  The  villages 
in  time  become  cities,  drawing  their  water  supply  from,  and  discharg- 
ing their  sewage  into,  the  near-by  stream.  This  source  of  pollution, 
in  connection  with  the  occasional  very  low  stream  flow  and  consequent 
slight  dilution,  has  been  the  cause  of  great  commercial  loss,  of  wide- 
spread disease,  and  of  death. 
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POLLUTION    BY   TRADE   WASTE. 

But  city  sewage  is  not  the  only  source  of  stream  pollution,  for  many 
industries  discharge  large  quantities  of  refuse,  called  ''trade  waste," 
the  presence  of  which  in  sewers  and  streams  is  very  objectionable 
from  a  sanitary  point  of  view. 

On  the  continent  of  Europe  and  in  Great  Britain  this  subject  has 
received  considerable  attention.  The  English  rivers  pollution  act  of 
1876  treats  the  matter  at  considerable  length,  and  gives  city  authori- 
ties power  to  require  the  adoption  of  remedial  measures  by  offending 
factories.  In  the  United  States  the  necessity  for  legislation  restricting 
pollution  by  trade  waste  has  only  recently  arisen.  Among  the  States 
that  have  already  acted  upon  this  question  Massachusetts  stands  first. 

The  waste  from  industries  is  divisible  into  three  classes — animal, 
vegetable,  and  mineral  refuse,  though  many  factories  discharge  two 
and  even  all  three  kinds. 

In  the  first  class  of  waste  is  included  that  from  abattoirs,  packing 
.houses,  tanneries,  and  woolen  mills,  which  discharge  large  quantities 
of  animal  tissue  and  oil.  The  decomposition  of  this  matter  may  be 
slow,  and  if  deposited  on  flats  it  causes  unpleasant  odors  and  attracts 
vei-min.  If  afloat  in  such  quantities  that  the  dilution  is  not  sufficient, 
the  water  is  dangerous  for  house  use,  and  even  cattle  refuse  to  drink  it. 

To  the  second  class  belong  the  quantities  of  vegetable  matter  which 
escape  from  distilleries  and  from  paper,  wood-pulp,  and  strawboard 
mills — matter  foi;  which  no  present  economical  use  has  been  found. 

To  the  third  class  belong  the  wastes  from  oil  refineries  and  gas 
works,  which  run  off  mineral  oils  and  heavy  tars.  When  discharged 
into  city  sewers  these  have  proved  very  objectionable,  and  when  dis- 
charged into  sluggish  streams  they  lodge  on  shoals  and  flats  with  the 
rise  and  fall  of  the  water  level,  coating  and  killing  vegetation,  causing 
unpleasant  odors,  and  fouling  the  water  for  dairying  and  other  pur- 
poses. Tin-plate  and  rod  mills  and  galvanizing  and  plating  works  dis- 
charge large  quantities  of  chemical  waste,  such  as  dilute  sulphuric  or 
hydrochloric  acid,  copper  sulphate,  and  sulphate  and  chloride  of  iron. 

Among  other  local  industries  that  produce  serious  nuisance  in  their 
vicinity  are  soap  factories,  factories  using  the  Solvay  ammonia  soda 
process,  and  white  lead,  paint,  varnish,  and  starch  factories.  Certain 
mineral  waters  used  for  curative  and  bathing  purposes  and  the  drainage 
from  mines  may  also  be  offensive,  but  these  are  not  usually  amenable 
to  pollution  laws.  In  England  they  are  specifically  excluded  in  the 
rivers  pollution  act  of  1876.  In  Pennsylvania  the  higher  courts  have 
passed  upon  a  case  involving  mine  drainage,  and  the  operators  were 
allowed  to  continue  the  natural  drainage  of  the  mine. 

The  effect  of  wastes  upon  the  condition  of  the  stream  depends  on  the 
relative  volumes  of  stream  and  of  waste,  the  strength  and  character 
of  the  polluting  material,  and  the  proximity  of  other  industries  or  of 
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cities  requiring  pure  water  and  of  agricultural  lands  and  residents 
who  might  declare  a  nuisance.  It  is  clear,  then,  that  no  general  rules 
can  be  laid  down,  but  that  each  case  of  pollution  must  be  decided  on 
its  own  merits. 

The  addition  of  quantities  of  organic  matter  to  a  stream  is  highly 
objectionable,  as  it  furnishes  food  for  the  rapid  multiplication  of  dis- 
ease bacteria  which  may  be  present,  and  it  may  cause  a  nuisance  by 
slow  decomposition  by  deposit  upon  shoals,  tidal  shores,  and  flats. 
Besides  rendering  the  water  impotable,  abnormal  amounts  of  organic 
matter  cause  serious  damage  to  many  purifying  industries,  to  sugar 
factories,  meat-packing  houses,  and  canneries.  The  discharge  of  min- 
eral waste,  unless  very  highly  diluted,  hinders  the  natural  purification 
of  the  stream,  and  adds  substances  that  oxidize  slowly.  This  waste 
kills  fish  and  makes  the  water  distasteful,  foul  smelling,  and  dangerous 
even,  to  cattle,  thus  interfering  with  important  agricultural  interests 
and  increasing  the  menace  to  human  life. 

MANUFACTURE  OF  STRAWBOAHD. 

This  report  is  confined  to  a  careful  study  of  the  process  of  manufac- 
ture of  strawboard  (or  pasteboard,  as  it  is  commonly  called),  to  the 
character  of  the  refuse,  the  nature  of  the  pollution,  the  damage  pro- 
duced, and  the  possible  means  of  preventing  the  pollution. 

The  principal  factories  of  strawboard  in  the  United  States  are  con- 
lined  to  a  comparatively  small  area.  In  the  report  of  the  United  States 
census  for  1900  59  factories  are  recorded  as  making  strawboard. 
From  157,534  tons  of  raw  material  they  produced  a  finished  product 
valued  at  $3,187,342.  Indiana  led  with  70,081  tons  of  board,  worth 
$1,350,636.  Ohio  ranks  second,  with  40,531  tops,  worth  $800,038,  and 
Illinois  is  third,  with  20,100  tons,  valued  at  $382,454.  New  York, 
Maryland,  and  Michigan  rank  next  in  order.  The  first  three  mentioned 
make  83  per  cent  of  the  board  produced  in  the  United  States,  and 
Indiana  alone  produces  nearly  50  per  cent  of  the  total.  The  stmw 
used  in  Indiana  cost  about  $3.90  per  ton,  and  the  finished  product  was 
worth  about  $19  per  ton. 

The  strawboard  industry  does  not,  of  course,  include  the  manufac- 
ture of  wood  pulp,  sulphite  fiber,  or  jute. 

COMPOSITION  OF  STRAW. 

Strawboard  is  manufactured  from  rye,  wheat,  and  oat  straw.  In 
England  a  special  straw,  known  as  esparto  grass,  is  used  in  making 
paper.  Rye  and  wheat  straws  are  preferred,  as  they  yield  the  largest 
per  cent  of  cellulose — the  basis  of  all  vegetable  fiber.  The  chemical 
fommla  for  cellulose  is  /^(CjIIioOs).  The  composition  of  various  straws 
as  given  b^^  Mfiller,"  a  German  authority,  is  as  follows: 

aJour.  Soc.  Chemical  Industry,  February  28, 1894,  p.  101. 
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Table  1 . — Compomiion  of  straws. 


[NO.  113. 


Winter 
rye. 

Percent. 

14.3 

82.5 

3.2 

54.0 

Winter 
wheat. 

Percent. 

14.3 

80.2 

5.5 

48.0 

Summer 
barley. 

Winter        ^^^ 
barley.        ^^• 

Water 

Percent. 
14.3 
79.7 

43.0 

Percent.  -  PercetU. 
14.3  I         14.3 

Organic  constituente 

80.  2  1        80.  7 

Ash 

5.5  i          5.0 

Cellulose 

48.4  '        40.0 

1 

James  Beveredge,  of  Northfleet  Paper  Mills,  Kent,  England,  gives'" 
the  following  results  of  analyses  of  straws: 

Table  2.—Comp(mtwn  ofstratvs. 


Water 

Organic  constituents 

Ash 

Cellulose 


Zealand 
wheat. 


Dutch 
wheat. 


Dutch 
oats. 


Dutch 
rye. 


Percent. 

Per  cent. 

8.2 

12.5 

44.2 

43.fi 

10.0 

7.5 

37.6 

36.4 

Percent.     Percent. 
11.2  '  7.8 


46.0 

5.5 

37.3 


49.3 

1.8 

41.3 


Dutch 
barley. 


Per  cent. 

11.0 

47.7 

7.2 

34.1 


In  table  1  the  organic  constituents  include  cellulose;  in  table  2  they 
do  not.     In  the  latter  the  cellulose  is  unbleached. 

Remsen  gives  the  following  percentages  of  cellulose,  the  straws  being 
in  the  air-dry  state.  Rye  straw,  54;  wheat  straw,  48;  oat  straw,  40. 
The  differences  appearing  in  the  above  tables  are  due  to  differences  in 
the  definition  of  cellulose,  in  the  dryness  of  the  materials,  and  in  the 
various  methods  of  separation  employed.  The  order  of  the  commer- 
cial rating  of  straws,  as  given  by  the  strawboard  companies,  is  as 
follows:  (1)  rye,  (2)  winter  wheat,  (3)  spring  wheat,  and  (4)  oat.  There 
is  generally  reckoned  a  loss  of  about  40  per  cent  by  weight  from  the 
dry  straw  to  the  finished  board,  the  latter  containing  from  5  to  8  per 
cent  of  moisture.  Various  factors  enter  into  the  percentage  of  loss. 
Stmw  purchased  at  harvest  time  contains  a  larger  percentage  of  mois- 
ture than  it  contains  some  months  later.  The  loss  of  weight  from 
harvest  to  Christmas  time  amounts  to  abnost  25  per  cent,  says  an 
authority  in  the  Journal  of  the  Society  of  Chemical  Industry.*  Straw 
grown  on  light,  sandy  soils  has  a  much  lower  specific  gravit}^  than  that 
grown  on  heavy  clay  or  mixed  soils.  Differences  are  also  caused  by 
weather  conditions  at  harvest  time.     A  wet  straw  causes  greater  loss 

a  Jour.  Soc.  Chemical  Industry,  February  28, 1894,  |».  101. 
b  For  February  28,  1901,  p.  148. 
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and  makes  a  poorer  quality  of  board.  The  driest  material  comes  from 
that  in  the  lofts  of  barns,  while  straw  from  stacks  is  usuall}^  damp. 
It  is  stated  that  baled  straw  is  more  moist  than  loose  straw. 

Of  the  48  per  cent  of  cellulose  in  wheat  straw,  about  30  per  cent  is 
saved  by  present  means  of  manufacture  of  strawboard.  The  machiner}-^ 
and  methods  employed  have  not  changed  materially  for  many  years, 
and  there  seems  to  be  little  prospect  of  greater  economy  being  prac- 
ticed.    The  reasons  for  this  are  discussed  later  in  this  paper. 

STEAMING  IN  ROTARIES. 

The  process  employed  in  the  United  States  is  as  follows: 
The  straw  is  first  subjected  to  a  cooking  process  by  steam  and  lime. 
A  large  ellipsoidal  rotating  steel  boiler  called  a  '^  rotary,"  shown  in 
PI.  I,  A^  is  filled  with  straw,  which  is  then  cooked  down  with  steam, 
then  again  filled  and  cooked  down  until  the  rotary  boiler  has  been 
completely  filled.  The  process  of  filling  a  rotary  occupies  from  six  to 
twelve  hours.  The  final  charge  consists  of  about  6  tons  of  straw  and 
30  bushels,  or  2,100  pounds,  of  lime  in  the  form  of  milk.  This  mixture 
is  then  rotated  and  cooked  under  40  pounds  of  steam  pressure  for  twelve 
hours.  PI.  I,  Ay  shows  the  steam  line  extending  through  one  of  the 
trunnions  and  the  worm  gear  which  rotates  the  cylinder.  This  appar- 
ently severe  chemical  and  mechanical  action  results  in  a  rapid  soften- 
ing of  the  woody  fiber  and  in  the  reduction  of  the  straw  to  a  dark- 
yellow,  pulpy  mass.  This  *'' stock,"  as  it  is  called,  is  stacked  in  piles 
10  to  15  feet  high  to  drain.  Concerning  the  action  which  takes  place 
in  the  rotaries,  the  Journal  of  the  Society  of  Chemical  Industry  says:^ 

The  chemical  action  of  the  milk  of  lime  on  the  encrusting  materials  surrounding 
the  straw  fiber  is  not  a  vigorous  one.  These  encrusting  materials  are  not  completely, 
nor  indeed  to  a  great  extent,  separated  from  the  cellulose.  The  mineral  matter 
remains  in  the  product  practically  untouched,  and  if  any  less  quantity  than  that 
corresponding  to  the  percentage  in  the  original  straw  operated  upon  exists  in  the 
prepared  pulp,  it  is  due  rather  to  the  washing  after  digestion  than  to  any  solvent 
action  of  the  milk  of  lime.  Milk  of  lime  under  certain  conditions  has  a  bleaching 
action  upon  the  straw.  It  neutralizes  the  organic  acids  usually  found  when  fibrous 
plants  are  heated  for  any  length  of  time  in  the  presence  of  water. 

The  yield  of  pulp  at  this  point  will  be  from  75  to  80  per  cent  of  the 
weight  of  the  original  material. 

PI.  I,  B^  shows  the  rotaries,  charged  from  the  floor  above,  and  the 
elevators  that  carry  the  stock  from  the  rotaries  and  dump  it  in  the 
piles  shown  in  the  foreground.  At  the  extreme  left  is  an  endless-chain 
elevator  which  carries  the  stock  to  the  beater  room. 

The  material  is  allowed  to  stand  in  these  piles  for  twenty-four  hours 
or  more  to  drain.  After  it  is  thus  drained  it  contains  about  50  per  cent 
of  water  and  from  6  to  7  per  cent  of  lime.  This  is  equivalent  to  from 
12  to  14  per  cent  of  lime  in  the  dry  straw.     Since  the  original  charge 

a  For  February  28, 18H  p.  101. 
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of  lime  and  straw  was  in  the  proportion  of  2,1W  pounds  of  lime  to 
14,100  pounds  of  straw  and  lime,  or  about  14  per  cent  lime,  practically 
none  of  the  latter  has  drained  out  with  the  condensed  steam.  This 
drainage  from  the  stock  piles  forms  but  a  small  part  of  the  \^aste 
sewage.  It  is  straw  colored  and  very  turbid,  carrying  a  small  quan- 
tity of  fiber  broken  fine  in  the  rotaries. 

WASHING. 

This  process  is  much  more  drastic,  and  it  is  here  that  the  great 
volume  of  waste  is  produced. 

The  stock  is  run  through  washing  machines  for  the  purpose  of 
removing  the  lime.  A  row  of  washers  in  operation  is  shown  in  PL  II,  A, 
At  the  left  is  the  chute  from  the  conveyor  above,  down  which  the  stock 
is  fed.  To  the  right  of  the  chute  are  the  water  pipes.  The  washing 
machine  consists  of  an  oval  channel  about  3  feet  wide,  around  which 
the  stock  travels,  being  supplied  with  copious  volumes  of  water.  Across 
this  channel  is  placed  a  cylinder,  42  inches  in  diameter  and  42  inches 
long,  having  longitudinal  ribs  or  flanges  about  three-fourths  of  an  inch 
square  in  section  and  three-fourths  of  an  inch  apart.  Meshing  with 
this,  like  the  teeth  of  geared  wheels,  is  an  idler,  below,  of  similar  size 
and  form.  These  wheels,  revolving,  lift  the  water  and  straw  to  a  level 
several  inches  higher  than  that  in  the  oval  channel,  whence  it  flows  by 
gravity  halfway  around  its  course  to  a  point  where  it  meets  a  revolv- 
ing bi^ass  screen  of  fine  mesh,  through  which  a  part  of  the  water  escapes, 
carrying  with  it  the  finer  particles  of  fiber  and  free  lime.  The  remaining 
straw,  with  additional  volumes  of  fresh  water,  now  passes  many  times 
through  the  rolls,  which  further  mash  and  break  the  fiber,  and  around  to 
the  screen,  where  more  straw,  lime,  and  water  escape.  The  total  waste 
is  enormous.  It  now  takes  about  40,000  gallons  of  water  to  wash  1  ton 
of  straw.  About  3,200  pounds  of  straw  and  560  pounds  of  lime  are 
required  to  make  2,000  pounds  of  board.  A  small  amount  of  lime 
remains  in  the  board;  hence  1,200  pounds  of  straw  and  about  500 pounds 
of  lime  are  washed  out  by  the  40,000  gallons  of  water.  An  idea  of  the 
volume  of  waste  may  be  conveyed  by  giving  the  capacity  of  an  average 
mill.  Such  a  plant  uses  50  tons  of  straw  and  nearly  10  tons  of  lime 
during  every  twenty -four  hours.  From  1,000,000  to  2,000,000  gallons 
of  water  are  employed  in  the  rotaries,  washers,  and  vats.  This  volume 
of  water  carries  away  with  it  about  19  tons  of  the  straw  and  practi- 
cally all  of  the  10  tons  of  lime  each  twenty-four  houi*s. 

DRYING. 

After  the  washing  process  the  straw,  with  a  considerable  volume  of 
water,  is  led  to  a  train  of  rolls,  consisting  of  three  parts — first,  the 
wet  end;  second,  the  hot*  rolls;  third,  the  trimming  and  cutting 
machine.     As  it  comes  from  the  washers  the  material  is  run  into  vats. 
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where  it  is  mixed  with  large  quantities  of  water  and  passed  over 
hollow  cylinders  having  fine  wire-cloth  faces,  which  allow  the  water 
to  escape,  leaving  the  fiber  on  the  surface  of  the  cylinder.  The  fiber 
is  then  taken  by  woolen  felts,  which  are  pressed  down  on  the  surface 
of  the  cylinder.  This  makes  a  web  of  paper  on  the  felt.  The  pulp, 
which  is  now  about  one-third  straw  and  two-thirds  water,  travels  up 
and  down,  over  and  under  a  double  train  of  hot  rolls,  heated  by  steam 
that  is  carried  in  through  hollow  bearings.  As  the  pulp  passes  on 
through  the  train  it  is  constantly  pressed  and  dried,  until  finally  it  is 
separated  from  its  cloth  support  and  goes  to  the  trimming  machine, 
where  it  is  cut  into  sheets  of  proper  size.  It  now  contains  about  10 
per  cent  of  water  and  a  small  quantity  of  lime.  The  board  is  manu- 
factured in  many  thicknesses  and  weights.  Just  before  it  is  trimmed 
it  may  be  coated  on  one  or  both  sides  with  a  thin  paper  facing  or 
finish. 

METHODS  OF  DISPOSAL.  OF  WASTE. 

The  waste  liquors  from  the  rotaries  and  washers,  and  that  from  the 
vats  where  it  is  not  used  over  again  in  the  washers,  are  run  together 
and  discharged  into  a  trough  or  ditch,  leading  in  some  cases  to  a  neigh- 
boring stream.  The  eflfect  of  these  wastes  upon  the  stream  depends 
upon  its  character  and  volume.  As  many  Indiana  rivers  flow  over 
limestone  beds,  their  water  is  hard,  carrying  15  to  20  grains  of  lime 
per  gallon.  But  the  waste  liquor  from  a  strawboard  mill  contained  in 
one  case  a  minimum  of  66  grains  per  gallon  (an  amount  which  has 
recently  been  doubled  by  a  decrease  in  the  quantity  of  water  used), 
and  in  some  cases,  where  wavsh  water  is  not  plentiful,  the  quantitj^  of 
lime  reaches  200  or  more  grains  per  gallon.  In  order  to  reduce  the 
quantity  of  lime  to  40  grains  per  gallon  the  minimum  stream  flow 
would  need  to  be  about  ten  times  the  volume  of  water  employed 
in  the  process.  This  would  require  a  stream  that  discharged,  in  time 
of  drought,  from  10  to  20  million  gallons  in  twenty-four  hours.  This 
limits  the  number  of  streams  upon  which  such  mills  can  be  operated 
in  the  present  manner  without  nuisance,  to  a  few  rivers  in  each  State. 

On  account  of  the  clearing  of  forests,  artificial  drainage,  and  irreg- 
ularities of  rainfall  the  flow  of  Indiana  tributaries  becomes  extremely 
low  in  the  late  summer  and  fall.  Some,  indeed,  cease  to  be  more  than 
isolated  ponds,  the  water  seeping  through  the  gravel  beds.  Under 
these  circumstances,  if  not  under  normal  conditions,  the  discharge  of 
sludge  into  a  stream  produces  results  that  demand  very  serious  con- 
sideration. The  straw  waste,  when  deposited  on  flats  from  which  the 
water  has  receded,  decomposes  very  slowly,  its  decay  being  in  part 
retarded  by  the  presence  of  lime  and  silica.  Remsen  says  that  as 
much  as  78  per  cent  of  the  ash  of  wheat  straw  is  silica.  As  the  analy- 
ses given  in  table  4  (p.  27)  show,  the  quantity  of  ammonia  present 
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in  the  waste  is  very  large,  and  this  is  undoubtedly  the  principal  cause 
of  the  very  slow  decomposition. 

At  some  places  the  solid  part  of  the  waste  has  been  heaped  on  large 
ti'acts  of  land.  In  these  cases  the  stench  produced  has  been  carried 
by  the  wind  for  a  considerable  distance,  causing  a  nuisance. 

Mr.  Sweeney,  commissioner  for  fisheries  and  game  for  Indiana,  in 
his  biennial  report  for  1901  and  1902,  speaking  of  the  conditions  which 
tend  to  destroy  fish,  says,  on  page  11: 

Greater  than  all  other  artificial  means  is  the  pollution  of  our  streams  with  the 
refuse  from  strawboard  mills,  oil  wells,  and  pulp  mills.  This  refuse  covers  the 
spawning  beds  and  prevents  the  eggs  from  hatching,  while  it  penetrates  the  gills  of 
the  living  fish  and  kills  or  drives  them  from  the  streams. 

The  quantity  of  lime  would  in  some  cases  be  such  as  to  kill  the  fish 
if  the  straw  did  not.  Game  fish  are  not  to  be  found  in  polluted  waters. 
Thus  the  interests  of  the  State  enter  into  the  question  of  stream  pollu- 
tion by  strawboard  mills. 

In  other  cases  the  method  of  disposal  has  been  modified  by  running 
the  waste  into  a  series  of  beds  scooped  out  of  a  gravel  bottom  land. 
Here  the  straw  and  lime  slowly  settle,  the  water  filtering  through  the 
subsoil  and  finding  its  way  to  the  neighboring  creek.  But  the  great 
quantity  of  straw  waste  soon  clogs  such  natural  filters  as  have  been 
tried.  High  water  is  depended  on  to  wash  the  refuse  out  of  the  beds, 
whence  it  is  deposited  on  other  lands  below;  so  that  the  method  is 
only  a  makeshift. 

What  a  carefully  constructed  settling  and  filtering  plant  may  accom- 
plish has  not  yet  been  determined.  During  the  summer  of  1903  the 
American  Strawboard  Company  built  at  one  of  its  factories  a  series ' 
of  basins,  shown  in  PI.  H,  J?,  PL  III,  and  fig,  1.  Basins  Nos.  1  to  5, 
fig.  1,  average  an  acre  each,  while  No.  6  is  about  2  acres  in  area. 
Levees  from  4  to  6  feet  high  were  built,  so  that  the  basins  could  be 
filled  to  a  depth  of  about  5  feet.  From  the  old  ditch  which  is  shown 
in  fig.  1  a  spout  was  constructed  to  conduct  the  waste  into  basin  No.  1. 
From  this  basin  it  flows  diagonally  to  a  weir  at  the  opposite  comer, 
where  it  enters  basin  No.  2.  The  flow  is  diagonally  across  each  basin 
to  the  next  in  order  through  the  series,  to  No.  5  or  No.  6.  From 
basin  No.  5  a  gate  leads  to  filter  No.  1,  and  from  basin  No.  6  a  similar 
gate  leads  to  filter  No.  2.  These  filters  have  lines  of  8-inch  tile  laid  25 
feet  apart  and  covered  with  2  feet  of  gravel.  The  underdrains  lead 
to  the  open  ditch  between  the  two  filters,  f^h  basin  has  a  gate  lead- 
ing to  the  river,  so  that  the  waste  can  be  run  through  any  number  of 
settling  basins  and  then  into  the  river  or  through  the  filters.  The 
waste  was  turned  into  basin  No.  1  in  the  early  summer.  When  it  had 
filled,  the  overflow  ran  into  basin  No.  2,  and  so  on,  basin  No.  6  being 
filled  in  late  siunmer. 
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It  seems  inevitable  that  in  time  there  will  be  a  large  deposit  of  straw 
and  lime,  which  will  have  to  be  scraped  oflf  the  basins  and  filters  and 
carted  away.  Seepage  through  the  walls  and  bottoms  of  the  basins 
will  decrease  and  the  filters  will  clog  until  the  efficiency  has  reached  an 
unsatisfactory  point.    The  period  of  time  which  will  elapse  before 


Pio.  L— Plan  of  strawboard  settling  badn. 

this  condition  arises  and  the  eflfectiveness  of  months  of  sedimentation, 
with  or  without  filtration,  will  not  be  known  until  a  season  has  passed. 
At  one  of  its  plants  the  American  Strawboard  Company  used  a 
trough-shaped  device  for  separating  the  fine  straw  from  the  waste 
water.     A  vat  16  feet  long  was  constructed,  the  end  view  of  which 
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was  practically  an  equilateral  triangle.  The  waste  as  it  came  from 
one  of  the  washers  was  discharged  into  this  vat,  so  that  the  water 
started  downward,  then  turned  upward  through  a  screen,  leaving  the 
straw  to  continue  downward.  The  screens  clogged  in  the  course  of 
time  and  had  to  be  cleaned  by  hand.  The  vat  held  about  7,000  gallons 
and  treated  70,000  gallons  in  twenty-four  hours. 

As  the  waste  passed  from  the  washers  to  the  vat  the  analysis  was  as 
indicated  in  the  first  column,  and  the  analysis  as  the  water  came  from 
the  vat  is  recorded  in  the  second  column. 

Amdyses  of  strawhoard  waste  before  and  after  passing  from  washers  to  vol, 
[In  parts  per  100,000.] 


Before. 

After. 

Suspended  matter: 

Organic  matter 

565.7 
393.1 

188.6 

Inoi^nic  matter 

123.3 

Total  residue 

958.8 

312.5 

Total  solids: 

Organic  matter 

1,294.5 
661.8 

528. 5 

Inorganic  matter 

244.3 

Total  residue 

1,956.3 

772.8 

Calcium 

510.5 

204.8 

It  will  be  seen  that  the  vat  removes  about  66  per  cent  of  the  sus- 
pended matter.  The  latter  is,  however,  abnormally  high,  and  the 
effluent  still  contains  312.5  parts  per  100,000 — five  to  ten  times  what 
it  should  before  passing  to  a  stream.  Increasing  the  size  of  vat  and 
decreasing  the  rate  of  flow,  with  some  changes  of  design  in  order  to 
emphasize  the  upward-flow  principle,  might  lead  to  a  design  which 
would  be  sufficient  where  the  stream  flow  and  dilution  were  high. 

No  bacterial  treatment  such  as  is  employed  in  the  purification  of 
sewage  will  avail  in  this  case,  as  the  treatment  with  lime  and  steam 
in  the  rotaries  destroys  all  the  bacteria  present.  A  considerable  period 
must  elapse  for  the  cultivation  of  such  organisms. 

EXPERIMENTS  ON  I>I8POSAIi  OF  WASTE. 

To  determine  the  possibility  of  other  and  more  efficient  methods  of 
disposal  than  those  just  outlined,  the  author  was  appointed  to  take 
charge  of  a  series  of  experiments  on  strawboard  waste  and  to  report 
their  results  to  the  United  States  Geological  Survey.  His  instructions 
were  to  study  the  process  of  manufacture,  analyze  the  waste  liquor, 
and  find  the  efficiency  and  cost  of  various  methods  of  disposal,  in  order 
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that  some  recommendation  might  be  made  to  the  authorities  or  to  the 
manufacturers  when  circumstances  should  demand  a  change  in  the 
method  of  disposal. 

The  expense  is  a  very  important  item,  as  it  is  easy  to  find  a  method 
of  treatment  by  which  the  waste  can  be  purified,  but  the  cost  would 
prevent  the  operation  of  the  mill.  Other  methods  will  clarify  the 
waste,  but  leave  the  water  extremely  hard,  thus  accomplishing  but 
half  the  purpose.  Theoretically,  the  liquid  which  eventually  flows 
into  the  stream  ought  not  to  be  harder  than  the  normal  stream — a  con- 
dition extremel}'  difficult  to  fulfill  by  commercial  methods.  Likewise, 
the  total  solids  should  not  be  above  an  average  amount  contained  in 
natural  waters. 

METHODS  OF  PURIFICATION. 

There  are  three  general  methods  of  treatment  for  the  purification  of 
polluted  water — sedimentation,  filtration,  and  chemical  precipitation. 

SEDIMENTATION. 

This  process  consists  of  letting  the  liquid  stand  for  a  period  of  time 
long  enough  to  allow  the  matter  held  in  suspension  to  settle  to  the 
bottom.  There  is  no  chemical  action  involved,  but  since  organic  as 
well  as  inorganic  matter  may  be  settled,  future  chemical  changes  are 
possible.  The  hardness  or  acidity  will  not  be  changed.  The  rapidity 
and  efficiency  of  the  process  depend  on  the  specific  gravity  of  the  sus- 
pended matter.  Silt  will  settle  quickly,  and  this  process  is  frequently 
used  to  remove  such  objectionable  material  from  water  supplies. 

In  the  case  of  strawboard  wastes,  the  particles  of  straw  are  so  fine 
and  the  specific  gravity  is  so  slightly  above  unity  that  the  downward 
motion  is  very  slow.  A  jar  10  inches  high  will  settle  about  10  per 
cent  of  its  solid  matter  in  twenty-four  hours.  In  twenty -four  hours 
more  the  change  is  very  slight.  At  the  end  of  twenty-four  hours, 
color,  turbidity,  odor,  and  taste  are  about  the  same  as  before  such 
treatment.  The  storage  capacity  required  for  twenty -four  hours'  set- 
tling would  be  twice  the  capacity  of  the  mill.  To  settle  forty-eight 
hours  reservoirs  that  would  contain  three  times  the  volume  of  refuse 
would  be  required,  and  so  on.  From  2,000,000  to  4,000,000  gallons' 
storage  would  be  needed  for  such  treatment. 

Even  with  still  longer  periods  of  sedimentation  the  hardness  would 
remain  practically  unchanged,  as  the  only  lime  precipitated  would  be 
due  to  the  COj  absorbed  from  the  atmosphere. 

FILTRATION. 

The  process  next  to  be  described,  and  one  now  very  frequently  used 
in  the  purification  of  water  supplies  and  of  sewage,  is  filtration.  The 
water  is  allowed  to  pass  slowly  through  a  bed  of  charcoal,  coke,  f  urnaoe 
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slag,  or  sand.  The  process  is  partly  a  screening  one,  but  under  proper 
conditions  a  very  efficient  bacterial  action  takes  place,  in  which  the 
healthful  bacteria  assist  in  reducing  the  organic  matter  to  its  constit- 
uent elements.  BaciUvs  coU-communia — the  biological  index  of  sew- 
age pollution — disappears,  and  not  only  suspended  matter  but  the 
amount  of  chlorine  is  reduced,  and  the  number  of  bacteria  per  cubic 
centimeter  is  decreased  by  from  95  to  99  per  cent  of  the  number 
present  in  untreated  water. 

There  are  two  kinds  of  filters,  mechanical  and  slow  sand  filters.  In 
the  former  the  rate  of  flow  is  higher  and  frequent  cleansing  is  neces- 
sary, while  in  the  sand  bed  the  rate  of  filtration  is  much  less  and  the 
filter  purifies  itself  in  part  while  resting  or  while  in  action.  If  the 
surface  becomes  clogged,  occasional  rakings  are  necessary  in  order  to 
remove  the  clogged  surface  and  restore  it  to  its  normal  state. 

CHEMICAL    PRECIPITATION. 

In  this  process  the  liquid  is  treated  with  a  previously  determined 
quantity  of  some  chemical  which  will  cause  a  reaction  involving  the 
production  of  a  solid  in  the  form  of  grains  or  flakes.  As  the  precipi- 
tant has  a  specific  gravity  greater  than  water,  it  falls  and  drags  down 
with  it  other  solids.  The  rapidity  of  its  action  depends  on  the  proper 
proportioning  and  mixing  of  the  agents  employed  and  on  the  weight 
of  the  particles  and  their  size.  A  flocculent,  heavy  precipitate  rap- 
idly carries  down  with  it  a  large  proportion  of  the  organic  and  inor- 
ganic matter  that  has  been  held  in  suspension. 

Such  processes  are  usually  continuous;  the  fluid  to  be  treated  and 
the  reagent  are  automatically  mixed  and  fed  in  at  the  bottom  of  the 
tank,  the  current  being  upward.  The  purified  liquid  is  taken  from 
the  top  of  the  tank  and  the  precipitated  sludge  is  drawn  from  the 
bottom.  Certain  limitations  have  been  found  in  the  successful  oper- 
ation of  the  upward-flow  principle.  Hans  Benedikc,  in  Die  Abwasser 
der  Fabriker  (Trade  Waste),  states  that  the  normal  downward  velocity 
of  suspended  matter  in  still  water  must  be  at  least  2  millimetei-s  per 
minute.     He  also  says: 

If  it  be  desired  to  perfectly  clarify  by  deposition,  on  the  upward  continuous  flow 
principle,  water  which  is  naturally  charged  with  suspended  matter,  or  by  the  addi- 
tion of  precipitants,  a  transverse  section  of  more  than  0.002  X  60  =  8.33  square 
meters  is  required  to  obtain  1  cubic  meter  per  hour  of  clear  water,  in  order  that 
the  upward  velocity  of  the  water  may  be  less  than  the  downward  velocity  of  the 
particles. 

The  chemicals  most  frequently  employed  in  water  purification  are 
alum,  sulphate  of  iron,  lime,  copperas,  and  combinations  of  these.  It 
is  very  important  that  the  proportion  of  coagulant  be  always  correct, 
else  either  the  action  is  not  completed  or  unnecessary  waste  results 
from  overcharging. 
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Coagulants  Ubed. 

The  series  of  investigations  was  begun  by  "using  small  quantities  of 
waste  liquor — from  50  to  100  cubic  centimeters — ^and  trying  the  eflfects 
of  various  chemicsils  in  different  quantities. 

ALUM. 

The  effect  of  alum  was  rapid,  showing  that  it  is  a  very  satisfactory 
coagulant.  The  liquid  was  left  slightly  turbid  and  with  some  odor. 
The  hardness  was  not  affected.     The  chemical  action  was  as  follows: 

3CaO,H,-|-Al,(804),+K,S04-f24H,0=3CaS04H-AlAH«+K^04H-24H,0. 

The  quantity  of  alum  is  to  the  quantity  of  calcium  oxide  as  948  is 
to  168.  About  112,000  pounds  of  alum  is  needed  daily  to  treat  waste 
water  containing  19,800  pounds  of  lime  and  straw. 

The  usual  process  for  producing  alum,  or  sulphate  of  alumina,  is  to 
treat  the  mineral  bauxite  with  sulphuric  acid.  In  England  some  mills 
have  found  it  very  cheap  to  make  the  necessary  quantity  in  their  own 
plant.  The  resulting  cake,  according  to  Naylor  in  Trade  Waste,  page 
21,  is  36  per  cent  sulphate.  The  cost  is  $4.70  per  short  ton  of  prod- 
uct or  $13.40  per  ton  of  pure  sulphate. 

In  the  United  States,  on  account  of  the  excessive  cost  of  bauxite 
and  sulphuric  acid,  commercial  sulphate  57  per  cent  pure  will  cost 
about  $16  per  ton  delivered,  or  $28  per  ton  of  pure  sulphate  delivered. 
The  daily  expense  for  56  tons  would  be  $1,568.  This  cost  of  partial 
purification,  omitting  other  items,  would  absolutely  prevent  the  opera- 
tion of  any  mill  consmning  50  tons  of  straw  a  day. 

Not  only  is  the  expense  objectionable,  but  the  quantity  of  lime  in 
the  water,  making  the  water  permanently  hard,  must  be  reduced,  else 
the  process  is  not  satisfactory. 

SULniATE  OP   IRON. 

Ferrous  sulphate  is  used  in  water-purifying  processes,  giving  a 
dark-brown  precipitate.  The  action  is  rapid  and  the  clarification  sat- 
isfactory. The  use  of  one  atom  of  iron  for  each  molecule  of  calcium 
oxide  present  in  the  water  produces  the  following  reaction: 

CaO,H,+FeS04=CaSO,  f  FeO^H,. 

When  the  proper  amount  of  ferrous  sulphate  is  added  to  100  cubic 
centimeters  of  strawboard  liquor  the  precipitation  is  almost  instanta- 
neous, and  in  five  minutes  the  solid  portion  lies  at  the  bottom  in  a 
brownish  cake.  The  liquid  above  is  very  clear,  having  only  a  slight 
greenish  tinge. 

Since  a  daily  output  of  19,800  pounds  of  lime  is  assumed  as  a  work- 
ing basis,  in  order  to  make  the  comparison  of  cost  apply  to  a  particu- 
lar mill  19,800  pounds  of  iron  would  be  needed  and  34,700  pounds  of 
sulphuric  acid. 
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The  proper  process  would  be  to  treat  scrap  iron  with  sulphuric  acid 
in  a  reservoir.    The  expense  would  be — 

19,800  pounds  iron,  at  $7.50  per  ton  of  2,000  pounds $75 

34,700  pounds  sulphuric  acid  (H^4),  at  $12  per  ton 208 

Cost  of  treatment 283 

The  same  objections  apply  to  the  use  of  sulphate  of  iron  as  to  alum. 
The  expense  is  too  great,  and  lime  remains  in  the  form  of  CaSO^, 
which  leaves  the  permanent  hardness  very  high. 

Instead  of  using  sulphate  of  iron  as  above  produced,  the  crude  sul- 
phate, coppei'as,  a  by-product  of  certain  processes,  can  be  employed. 
It  is  26.9  per  cent  ferrous  oxide  and  28.7  per  cent  sulphur  triox- 
ide  (SOj).  Roughly,  4  tons  of  copperas,  at  $9  per  ton  delivered, 
would  treat  1  ton  of  lime.  For  19,800  pounds  of  lime  nearly  40  tons 
of  copperas  would  be  required,  at  a  cost  of  $360  daily.  While  this 
process  would  be  more  economical  than  the  use  of  sulphate  of  iron, 
when  all  items  of  expense  are  figured,  still  the  cost  is  excessive  and 
the  process  impossible  as  a  general  treatment  for  all  the  waste  from 
a  strawboard  mill. 

LIME. 

Lime  is  one  of  the  most  common  coagulants  used  in  clarifying  drink- 
ing waters.  The  usual  stream  carrier  a  small  amount  of  carbon 
dioxide,  which  combines  with  from  5  to  10  grains  of  calcium  oxide  to 
form  calcium  carbonate,  which  precipitates  in  tine,  white  particles, 
dragging  down  such  organic  and  inorganic  solids  as  may  be  held  in 
suspension. 

This  process  fails  in  treating  strawboard  refuse  because  the  liquor 
is  already  many  times  overcharged  with  lime,  by  a  part  of  which  the 
little  COg  that  was  in  the  water  has  been  greedily  used  and  the  remain- 
ing lime  is  seeking  more.  The  addition  of  milk  of  lime  does  not  pro- 
duce perceptible  action. 

CABBON  DIOXIDE. 

The  facts  above  mentioned  led  at  once  to  the  conclusion  that  carbon 
dioxide  must  be  fed  to  the  waste  liquor.  On  applying  the  computed 
amount  of  CO^,  it  was  found  that  but  little  precipitation  actually 
occurred.  The  reason  for  this  may  be  stated  as  follows:  (1)  CaO+ 
HjO=CaOgHj,  or  the  lime  in  the  waste  liquor  is  in  the  form  of  calcium 
hydroxide.  (2)  On  applying  CO^,  CaOgHg+CO,=CaCO,+H,0,  pre- 
cipitation b}^  COj,  occurs;  but  at  the  same  time  the  lime  is  redissolved, 
as  follows:  (3)  CaCOa+HgO+CO.^IIgCaCCOs),,  making  a  bicarbonate 
of  lime.  No  precipitation  has  yet  occurred.  But  if  to  the  double  car- 
bonate of  lime  we  add  milk  of  lime  the  following  action  takes  place: 
(4)  H,Ca(C08)8+CaO,Hj,=2CaC03-h2HgO.  Reprecipitation  now  takes 
place,  carrying  down  the  straw  and  calcium.  The  flakes  are  very  large 
and  the  downward  velocity  is  exceptionally  rapid.     In  five  minutes  tJie 
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liquor  has  cleared  at  the  top  and  in  twenty  minutes  the  process  is 
completed. 

CARBON  DIOXIDE  A14D   MILK  OF  LIMB. 

As  above  indicated,  it  is  not  sufficient  to  apply  limewater  or  carbon 
dioxide  alone,  but  upon  first  saturating  the  liquor  with  COg  and  then 
supplying  the  proper  amount  of  milk  of  lime  the  result  is  very  satis- 
factory. It  will  be  observed  that  not  only  is  the  straw  removed,  but 
the  water  comes  out  soft;  that  is,  the  calcium  also  is  removed.  None 
of  the  previous  treatments  will  precipitate  the  lime. 

It  is  obsen'ed  that  the  amount  of  COg  required  for  the  previous 
reactions  is  two  molecules  per  atom  of  calcium  in  the  waste  liquor. 

From  (4)  it  appears  that  the  amount  of  calcium  added  as  milk  of 
lime  equals  the  amount  present  in  the  waste  liquor.  Assuming  that 
the  finished  strawboard  does  not  contain  more  lime  than  is  in  the  river 
water  used,  there  are  needed  19,800  pounds  of  lime  as  precipitant. 

The  following  analyses,  made  by  E.  J.  Macy  under  the  direction  of 
Prof.  W.  D.  Collins,  at  Earlham  College,  will  present  the  important 
facts  in  concrete  form: 


Table  3. — Residue  contained  in  stravjboard  tvoMe  liquor, 
[In  grains  per  100,000  cubic  centimeters.] 


Raw  liquor. 

After  precipitation  with 
COaandmilltoflime. 

Filtered  af- 
ter settling 
1  hour. 

Filtered  af- 

ter  settling 

24  hours. 

Total  reeidne. 

Grams. 
293.66 
134.63 
159.03 

Grams. 

137.59 
65.63 
71.50 

Grams. 
33.325 

Oombtistible  residue 

31.250 

Absolute  residue 

1.800 

The  absolute  residue  is  a  white  powder,  principally  calcium  oxide. 

The  above  results  were  obtained  by  treating  350  cubic  centimeters 
in  a  tube  seven-tenths  of  a  meter  high.  This  form  was  chosen  in 
order  to  approximate  the  depth  of  tank  which  might  be  employed  on 
a  larger  scale.  The  proportions  of  height  to  cross  section  were  not 
those  which  would  be  used  commercially,  and  hence  the  fall  of  par- 
ticles was  hindered  much  more  by  friction  against  the  sides  of  the 
vessel  than  they  would  ha^e  been  in  a  larger  container.  After 
settling  one  hour,  53  per  cent  of  the  total  solids  are  removed  and  55 
per  cent  of  the  absolute  residue,  principally  lime.  After  settling 
twenty-four  hours,  89  per  cent  of  the  total  solids  are  removed  and  98.8 
per  cent  of  the  absolute  residue. 
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Fio.  2.— Oarbon-dioxide  diatribator. 


EXPERIMENT  STATION. 

A  light  structure,  8  by  12  feet  in  plan  and  14  feet  high,  with 
three  stories  or  platforms,  was  erected  on  the  grounds  of  Earlham 
College,  Richmond,  Ind.,  for  the  treatment  of  strawboard  waste  in 

larger  quantities.  The  filters  were  on 
the  lower  platform  and  were  provided 
with  sewer  connection.  Above  the  plat- 
form was  the  barrel  in  which  the  precipi- 
tants  were  added  to  a  given  quantity  of 
liquor.  On  the  upper  platform  was  the 
limewater  and  a  tank  for  generating  gas 
under  sufficient  pressure  to  force  it 
against  a  head  of  3  feet  of  water. 

The  gas  tank  consisted  of  a  steel  cylin- 
der with  a  screw  top  closing  on  a  gasket 
A  valve  connection  was  made  at  the 
upper  end  and  a  standpipe  by  which  to 
add  acid.     The  tank  was  charged  with  a 
quantity  of  limestone.    Then  the  proper 
amount  of  hydrochloric  acid  was  turned 
down  on  the  limestone  from  a  reservoir 
within  the  tank.     The  quantity  of  acid 
was  made  sufficient  to  generate  and  to 
deliver  to  the  waste  the  required  amount  of  CO,.     A  charge  of  35 
gallons  of  waste  as  fresh  as  could  be  obtained  was  saturated  with  CO^, 
the  gas  being  distributed  through  the  \Vaste  by  means  of  holes  in  a  coil 
of  half -inch  gas  pipe  placed  near  the  bottom  of  the 
tank.     (See  fig.  2.)    The  coil  could  be  raised  or 
lowered,  and,  as  was  expected,  the  best  results  were 
obtained  with  the  gas  distributor  as  low  as  possible. 
The  limewater  was  discharged  through  perfo- 
rated pipes,  shown  in  fig.  3,  radiating  from  a  central 
vertical  main.     The  holes  were  arranged  in  such 
manner  as  to  cause  a  swirl  of  the  waste,  which 
produced  a  very  thorough  mixture. 

The  order  of  procedure  was,  first,  to  measure  a 
certain  amount  of  waste  in  the  calibrated  precipi- 
tation tank;  second,  to  charge  the  gas  generator, 
which  delivered  the  proper  amount  of  COj  in  about 
ten  minutes,  and  to  apply  the  limewater — about  6 
gallons.  The  resulting  action  was  immediate.  A 
heavy  cloud  *of  large  particles  formed  and  began  a 
descent  which  indicated  a  specific  gravity  much 
larger  than  unity.  The  surface  began  to  clear  at  once,  and  after  settling 
from  five  to  thirty  minutes  the  process  of  siphoning  the  clarified  liquor 
onto  the  filter  below  was  begun.  ,    r^r^r^,r> 
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The  filters  consisted  of  barrels  filled  with  varying  quantities  of 
coarse  gravel,  fine  gravel,  and  sand.  These  were  operated  at  different 
rates,  and  the  efficiencies  were  determined  from  analyses.  Samples  of 
the  effluent  and  of  the  filtrate  were  taken  from  each  barrel,  and  the 
results  are  recorded  in  table  4  (p.  27).  These  samples  were  taken  when 
about  one-half  of  the  barrel  had  been  treated.  Five  gallons  of  sludge 
were  left  in  the  bottom  of  the  precipitation  tank.  This  was  a  thick, 
sirup-like  mass  of  dark-yellow  straw,  slightly  whitened  by  the  excess 
of  lime  that  was  sometimes  present  when  a  surplus  of  milk  of  lime 
was  used. 

Two  molecules  of  carbon  dioxide  are  required  for  each  molecule  of 
lime  present.  The  strawboard  company  reported  that  2,000,000  gal- 
lons of  water  were  used  to  carry  away  the  19,800  pounds  of  lime 
wasted.  This  is  equivalent  to  66  grains  per  gallon,  or  about  100 
parts  per  100,000.  The  quantity  of  COg  needed  was,  presumably, 
200  parts  per  100,000  of  waste. 

An  amount  of  lime  should  be  added  equal  to  that  present  in  the 
waste,  or  the  total  lime  thrown  down  should  be  about  200  parts  per 
100,000.  As  shown  in  table  3  (p.  23),  the  absolute  residue  in  one  sample 
of  untreated  strawboard  waste,  taken  at  random,  was  159.13  parts  per 
100,000,  showing  an  Increase  of  50  per  cent  in  the  proportion  of  lime. 
There  is  some  variation  in  the  quantity  of  lime  used,  depending  on 
the  quality  of  the  straw,  and  a  still  greater  range  in  the  volume  of 
water  wasted. 

A  standard  treatment  was  decided  upon,  in  which  the  proportions 
were  200  parts  of  CO,  and  5  gallons  of  limewater  (or  about  150  parts 
of  lime)  to  100,000  parts  of  waste.  The  color  of  the  solid  matter 
thrown  down  showed  that  the  precipitants  were  sometimes  used  in 
excess. 

DESCRIPTION  OF  EXPERIMENTS. 
SINGLE   BARREL  TESTS. 

Tests  were  first  made  by  single  barrels,  in  the  manner  and  with  the 
results  shown  below: 

Barrel  No.  1, 

Thirty  gallons  of  waste. 

Carbon  dioxide  equal  to  200  parts  per  100,000. 

Five  gallons  of  limewater. 

Stirred  and  allowed  to  settle  thirty -five  minutes. 

Siphoned  30  gallons  off  in  thirty  minutes  onto  filter  composed  as 

follows:  A  barrel  with  9  inches  of  very  coarse  gravel  in  the  bottom; 

then  5  inches  of  gravel  from  one-fourth  to  1  inch  in  diameter;  next,  10 

inches  of  coarse  sand,  and  finally,  on  top,  7  inches  of  fine  washed  sand. 
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The  area  of  the  surface  of  the  filter  was  4.50  square  feet,  or  about 
one  nine  thousand  six  hundred  and  eightieth  part  of  an  acre. 

The  rate  of  filtration  was  about  13,000,000  gallons  per  acre  daily, 
which  was,  of  course,  too  fast  to  accomplish  much.  Both  filtrate  and 
effluent  were  colored,  strong  in  taste,  and  smelled  of  lime.  No  samples 
were  te.ken. 

Barrel  No.  2. 

Thirty -five  gallons  of  strawboard  waste. 

Carbon  dioxide. 

Five  gallons  of  limewater  (milky). 

Settled  twenty  minutes. 

Siphoned  30  gallons  onto  filter  in  1  hour  and  52  minutes. 

The  precipitated  matter,  4  inches  deep,  was  light  yellow.  Free 
lime  present.    Sample  after  precipitation  50  per  cent  cleaner. 

The  effluent  was  still  clearer,  with  bitter  taste  and  some  odor,  and 
was  still  yellow  color. 

Filtration  was  at  the  rate  of  about  3,500,000  gallons  per  acre  daily, 
which  removed  about  16  per  cent  of  the  lime  that  came  to  it  (see 
sample  2,  table  4). 

Barrel  No.  3. 

Thirty-five  gallons  of  strawboard  waste. 

Carbon  dioxide. 

Five  gallons  of  limewater. 

Fourteen  minutes  to  charge  with  gas. 

Settled  six  minutes. 

Time  of  filtration,  two  hours  and  twenty  minutes. 

Rate  of  filtration,  2,780,000  gallons  a  day. 

Filter,  9  inches  of  coarse  gravel  in  bottom,  2  inches  of  fine  gravel, 
16i  inches  of  fine  washed  sand  on  top. 

The  liquor  from  precipitation  tank  showed  244.18  parts  per  100,000 
of  lime.  After  filtration  it  showed  177.68  parts.  Efficiency  of  filter 
equals  27.6  per  cent.     Color  and  taste  noticeable. 

Barrel  No.  J^. 

Thirty-five  gallons  of  strawboard  waste. 

Carbon  dioxide. 

Five  gallons  of  limewater. 

Took  seventeen  minutes  to  charge  with  carbon  dioxide. 

Settled  six  minutes. 

Time  of  filtration,  three  hours  and  forty-five  minutes. 

Rate  of  filtration,  1,730,000  gallons  per  acre  daily. 

Filter,  2  inches  of  very  coarse  gravel  in  bottom,  2  inches  of  gravel, 
then,  on  top,  22  inches  of  medium  washed  sand,  which  passed  sieve  of 
one-eighth  inch  mesh. 
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It  will  be  noticed  in  sample  4,  table  4,  that  the  effluent  from  the 
precipitation  tank  contained  only  85.12  parts  of  lime  per  100,000,  or 
about  one-third  that  found  in  the  previous  cases  and  about  53  per  cent 
of  the  absolute  residue  in  the  untreated  sample  of  table  3.  It  is  certain 
that  more  than  50  per  cent  of  the  absolute  residue  was  removed  by  the 
process  of  precipitation.  On  the  other  hand,  the  filter  apparently 
accomplished  nothing.  This  result  is  probably  due  to  lime  which  was 
carried  over  in  the  previous  work  and  which  was  washed  out  of  the 
filter  with  the  present  filtrate. 

Table  4. — Amounts  of  caXdum^free  ammonia^  and  albuminoid  ammonia  contained  in 
effluent  ofstrawboard  treated  with  carbon  dioxide  and  lime  vxUer  in  experiments  at  Earl- 
ham  College,  Indiana. 

[In  parts  per  100,000.] 


Sample  No.  2. 

Sample  No.  3. 

Sample  No.  4. 

Before  fil- 
tration. 

After  filtra- 
tion. 

Before  fil- 
tration. 

After  fil- 
tration. 

Before  fil- 
tration. 

After  fll- 
traUon. 

Calciam 

283. 024 

236.868 
.7 
1.336 

85.12 
2.50 
1.0 

89.78 

Free  ammonia 

1.675 
1.125 

.835 
1.0 

.8 
.7 

3.0 

Albuminoid  ammonia 

1.15 

TEN-BARREL  TEST. 

In  order  to  approach  commercial  methods  as  closely  as  seemed  pos- 
sible in  a  small  experimental  plant,  a  test  of  10  barrels  of  strawboard 
waste  was  arranged  to  close  the  work. 

First.  Three  barrels  of  waste  were  run  through  the  precipitation 
tank,  filling  it  and  two  other  barrels,  which  served  as  reservoirs.  The 
milk  of  lime  and  CO,  were  fed  continuously  and  in  proportion  to  the 
rate  at  which  the  waste  flowed.  It  was  difficult  to  regulate  the  flow  of 
the  waste  by  valves,  as  the  straw  would  choke  them,  thus  varying  the 
discharge.  It  was  therefore  necessary  to  make  the  rate  of  flow  into 
the  precipitation  tank  high.  Automatic  floats  could  not  be  used  to 
properly  proportion  the  waste  and  lime,  as  the  volume  discharged 
was  too  small  to  overcome  the  friction  of  such  devices. 

The  two  reservoir  barrels  were  allowed  to  stand  twelve  hours;  then 
samples  were  taken  from  the  top  of  each.  The  first  barrel  was 
siphoned  onto  a  coke  filter,  consisting  of  a  barrel  with  2  feet  of  fine 
coke  breeze,  the  top  6  inches  of  which  consisted  of  particles  one- 
fourth  inch  in  diameter. 

The  second  barrel  was  siphoned  onto  a  sand  filter  having  6  inches  of 
fine  gravel  in  the  bottom  and  24  inches  of  fine  sand  on  top.  The  latter 
passed  a  sieve  of  one-eighth  inch  mesh. 
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The  rate  of  filtration  was  50  gallons  in  twelve  hours.  As  the  filters 
were  approximately  0.0001  of  an  acre  in  area,  the  rate  of  filtration 
through  the  coke  was  1,000,000  gallons  per  acre  per  twenty-four 
hours.  The  rate  through  the  sand  was  half  as  rapid,  or  500,000 
gallons  per  acre  daily. 

Precipitation  and  settling  in  the  first  barrel  removed  47  per  cent, 
and  in  the  second  barrel  90  per  cent,  of  the  suspended  matter.  The 
coke  filter  accomplished  practicallj'^  nothing.  The  sand  filter  removed 
25  per  cent  of  the  suspended  matter  reaching  it,  making  the  total 
removal  by  precipitation,  twelve  hours'  sedimentation,  and  sand  filtra- 
tion, 92.6  per  cent.  The  greater  efliciency  of  the  precipitation  into  the 
second  barrel  was  due  to  a  better  adjustment  of  the  proportions  of 
lime  and  CO,  to  the  waste. 

Second.  Two  reservoir  barrels  were  again  filled  in  order  by  the 
effluent  from  the  precipitation  tank.  Each  settled  one  hour.  Then 
one  filtered  through  the  coke,  the  other  through  the  sand,  each  at  the 
rate  of  50  gallons  per  twelve  hours,  or  1,000,000  gallons  per  acre  daily. 
The  efficiency  of  the  precipitation  and  settling  one  hour  was  20  per 
cent;  of  precipitation,  settling  one  hour,  and  sand  filtration,  90  per 
cent. 

Third.  In  another  and  similar  case  the  efficiency  of  precipitation  and 
settling  thirty  minutes  was  75  per  cent;  of  precipitation,  settling  thirty 
minutes,  and  sand  filtration,  at  the  rate  of  50  gallons  in  six  hours,  or 
2,000,0(K)  gallons  per  acre  daily,  80  per  cent. 

Fourth.  Similarl}-  the  efficiency  of  precipitation  and  settling  fifteen 
minutes  was  80  per  cent,  while  the  addition  of  sand  filtration  at  the 
rate  of  4,000,0(X)  gallons  per  acre  daily  removed  86  per  cent  of  the 
suspended  matter. 

Fifth.  In  another  case  the  efficiency  of  precipitation  and  settling 
twelve  hours  was  92  per  cent;  of  precipitation  and  settling  eighteen 
horn's,  86  per  cent. 

Sixth.  The  precipitation  tank  was  run  continuousl}^  and  two  sam- 
ples taken  from  the  top  showed  47  per  cent,  and  fifteen  minutes  later 
60  per  cent,  of  the  suspended  matter  removed.  The  gas  bubbled  up 
throughout  the  entire  cross  section  of  the  precipitation  tank.  This 
constant  ebullition  prevented  the  suspended  matter  from  settling  as  it 
should  and  as  it  would  in  a  tank  described  later,  in  which  the  ebulli- 
tion is  confined  to  the  delivery  pipe,  in  which  the  flow  is  downward  to 
the  bottom  of  the  precipitation  tank. 

Seventh.  The  waste  and  milk  of  lime  were  delivered  at  the  bottom 
of  the  precipitation  tank,  where  the  gas  was  added,  at  the  rate  of  100 
gallons  in  twelve  hours.  The  effluent  taken  from  the  top  was  deliv- 
ered into  the  bottom  of  a  reservoir  barrel.  From  the  top  of  it  ran 
two  siphons — one  to  the  coke  and  one  to  the  sand  filter — each  discharg- 
ing at  the  mte  of  50  gallons  per  twenty-four  hours,  or  500,000  gallons 
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per  acre  daily.  The  precipitation  removed  36  per  cent  of  the  sus- 
pended matter,  and  the  coke  filter  removed  42  per  cent  of  the  remainder. 
At  the  same  time  the  sand  filter  removed  66  per  cent.  The  total 
efliciency  with  the  sand  filter  was  79  per  cent. 

Eighth.  The  sludge  drawn  from  the  bottom  of  the  precipitation  bar- 
rel showed  9,884  parts  per  100,000  of  suspended  matter,  or  40  times 
tliat  in  the  untreated  waste. 

DISCUSSION  OF  TESTS. 

The  above  efficiencies  are  all  figured  on  the  basis  of  a  single  sample 
of  untreated  waste  which  contained  238.9  parts  per  100,000  of  sus- 
pended matter.  To  have  taken  a  sample  from  each  barrel  would  have 
increased  the  number  of  analyses  by  ten,  and  would  not  have  effected 
the  results  materially.  As  it  was,  21  analyses  were  made.  Different 
barrels  differ  in  the  quantity  of  suspended  matter,  of  total  solids,  and 
of  calcium  present.  The  quantity  of  lime  was  sometimes  too  great, 
and  at  other  times  the  quantity  of  CO^  may  not  have  been  sufficient. 
These  facts  account  for  the  discrepancies  that  arise.  The  average 
efficiency  of  precipitation  in  removing  suspended  matter  from  10  cases 
was  63  per  cent.  The  average  efficiency  of  precipitation,  settling  for 
various  periods,  and  sand  filtration  was  over  85  per  cent. 

Table  5. — Analysis  of  sample  of  untreated  waste  from  fourth  barrel. 

[In  parts  per  100,000.] 
Suspended  matter: 

Organic  residue 149. 8 

Inorganic  residue 88. 8 

Total  residue 238.6 

Total  solids: 

Organic  residue 362. 5 

Inorganic  residue w .' 181. 0 

Total  reeidue 543. 5 

Calcium 160.6 

Nitrates None. 

Nitrites .« None. 

Chlorine 71.8 

Ammonia,  free 74 

Ammonia,  albuminoid 60 

Reaction,  alkaline. 

Coloring,  organic. 
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Table  6. — Residue  contained  in  suspended  matter  in  samples  IB  to  21, 


Sample. 

Total  resi- 
due. 

Organic 
residue. 

Inorganic 
residue. 

No.  2 

125.8 

128.7 
23.5 
17.7 

200.0 

215.0 
62.0 
24.0 
60.5 
48.0 

196.8 
33.8 

162.0 
88.8 
60.0 

126.6 

89.6 

19.0 

33.6 

9, 884. 0 

67.2 
86.5 
16.0 
11.0 

133.7 

160.3 
43.9 
14.0 
36.8 
29.3 

123.6 
24.4 

106.3 
61.0 
35.0 
76.3 
61.6 
12.5 
11.1 
5,361.6 

68.5 

No.  3 

42.1 

No.  4 

7.4 

No.  6 

6.7 

No.  6 

66.2 

No.  7 

64.6 

No.  8 

17.9 

No.  9..... 

9.6 

No.  10 \ 

23.6 

No.  11 

18.6 

No.  12 

71.9 

No.  13 

9.3 

No.  14 

46.6 

No.  16 

27.6 

No.  16 

14.9 

No.  17 

61.1 

No.  18 

37.9 

No.  19 

6.4 

No.  20 

12.3 

No.  21 

4,601.5 

Samples  2  and  4  were  taken  from  the  tops  of  the  reservoir  barrels. 
Samples  3  and  5  are  of  filtrates  from  the  coke  and  sand  filters,  respec- 
tively, taken  at  the  middle  of  each  test.  The  barrel  from  which  sam- 
ple No.  2  was  taken  was  run  through  the  coke  filter.  The  barrel 
from  which  sample  No.  3  was  taken  was  filtered  through  sand. 

Reservoirs  Nos.  1  and  2  were  filled  and  permitted  to  settle  one  hour, 
after  which  samples  Nos.  6  and  7  were  taken  from  reservoirs  1  and  2, 
respectively.  Reservoir  No.  1  was  then  run  through  the  coke  filter 
and  No.  2  through  the  sand  filter  at  the  rate  of  1,000,000  gallons  per 
acre  a  day.  Samples  8  and  9  are  from  the  filtrates  through  the  coke 
and  sand,  respectively. 

Reservoir  No.  1  was  filled  and  allowed  to  settle  thirty  minutes. 
Sample  No.  10  was  then  taken  from  the  top.  It  was  siphoned  onto 
the  sand  filter  at  the  rate  of  2,000,000  gallons  every  twenty-four  hours. 
Sample  11  is  from  the  filtrate. 

Reservoir  No.  2  was  filled  and  allowed  to  settle  fifteen  minutes. 
Sample  12  was  collected  as  the  liquor  was  siphoned  from  the  top  of 
reservoir  No.  2  onto  the  sand  filter,  through  which  it  passed  at  the 
rate  of  4,000,000  gallons  per  acre  daily.     Sample  13  is  from  the  filtrate. 
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The  precipitation  tank  was  run  continuously,  discharging  into  reser- 
voir No.  1.  From  the  top  of  the  latter  siphons  led  to  the  coke  and 
sand  filter.  The  rate  of  discharge  from  each  was  50  gallons  in  twelve 
hours,  or  1,000,000  gallons  per  acre  daily.  Sample  14  was  taken  from 
the  top  of  the  reservoir.  Sample  15  was  from  the  filtrate  through 
the  coke,  and  16  from  the  filtrate  through  the  sand. 

Sample  17  was  taken  from  the  top  of  the  precipitation  tank  during 
its  operation,  and  sample  18  was  collected  fifteen  minutes  later. 

Sample  19  was  obtained  from  the  top  of  the  precipitation  tank  after 
it  bad  settled  for  a  period  of  twelve  hours. 

Sample  20  came  from  the  top  of  the  precipitation  barrel  after  it  had 
settled  eighteen  hours. 

Sample  21  is  of  sludge  drawn  from  the  bottom  of  the  precipitation 
tank. 

The  effect  on  solids  in  solution,  especially  on  the  calcium,  was  not 
so  satisfactory,  owing  to  the  lack  of  sensitive  apparatus  by  which  to 
gauge  the  proper  proportions  of  milk  of  lime.  There  was  either  an 
excess  or  a  deficiency  of  lime,  leaving  an  undesirable  amount  in  the 
effluent.  So  long  as  the  quantity  of  CO,  is  sufficient  to  saturate  the 
liquor  no  variation  in  it  is  needed,  but  for  the  most  successful  opera- 
tion of  the  process  the  volume  of  lime  should  be  automatically  regu- 
lated by  the  rate  of  flow  of  waste. 

MIXING  APPARATUS. 

English  and  American  experience  suggests  that  the  waste,  COj,  and 
milk  of  lime  should  be  brought  together  during  a  downward  flow, 
and  that  the  precipitation  should  take  place  during  a  following  slow, 
quiet,  upward  movement. 

The  milk  of  lime  may  be  proportioned  to  the  waste  by  a  float  in  the 
chamber  leading  to  the  waste  weir.  This  float  would  vary  the  length 
of  a  weir  of  constant  head  which  feeds  the  milk  of  lime  to  the  waste. 
The  mixture  should  then  travel  down  a  central  shaft  through  a  nest 
of  tubes  perforated  on  the  lower  side,  from  which  COj  issues  under 
about  2  feet  of  head.  The  treated  waste  now  travels  down  the  cen- 
tral shaft  to  the  bottom  of  the  tank,  where  the  flow  turns  upward  with 
a  very  low  velocity.  The  less  the  upward  velocity  the  greater  the 
efficiency  of  precipitation.  The  effluent  would  be  collected  at  the  top 
in  semicylindrical  troughs. 

In  the  tests  above  reported  50  gallons  were  run  through  a  tank  of 
50  gallons  capacity  in  one  hour.  The  cross  section  of  the  barrel  was 
649  square  inches,  making  an  upward  velocity  of  0.005  of  an  inch  per 
second.  To  treat  1,000,000  gallons  a  day  with  the  same  upward  veloc- 
ity would  require  a  tank  of  83,300  gallons  capacity,  or  25  feet  square 
and  15  feet  deep.  In  the  tests  made  the  CO^  was  distributed  through- 
out the  barrel,  and  the  violent  ebullition  kept  the  precipitation  from 
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being  satisfactor}^  unless  15  to  30  nainutes  be  given  or  the  effluent  be 
run  into  settling  reservoirs.  By  confining  the  ebullition  to  a  central 
small  cylinder,  where  the  downward  flow  takes  place,  the  efficiency  of 
the  precipitation  would  certainly  be  increased. 

PRODUCTION   OF  CARBON   DIOXIDE. 

The  most  important  problem  in  the  application  of  this  method  of 
purifying  strawboard  waste  is  the  production  of  the  required  amount 
of  carbon  dioxide  in  an  economical  and  practical  manner.  Two  meth- 
ods of  producing  this  may  be  considered. 

First  method. — Carbon  dioxide  may  be  produced  by  burning  lime 
in  closed  kilns,  such  as  are  used  in  the  manufacture  of  beet  sugar.  In 
the  typical  factor}'  which  we  have  assumed,  using  50  tons  of  stmw  a 
day,  nearly  10  tons  of  lime  are  needed  in  the  process  of  manufacture, 
and  an  additional  10  tons  are  required  for  purifying  the  waste.  A 
closed  kiln  of  20  tons  daily  capacity,  with  rock  hoist  and  gas  pump, 
would  cost  $10,000.  The  opemtion  would  require  4,800  pounds  of 
coke  a  day  and  the  attendance  of  three  men  on  each  shift.  Figuring 
interest,  depreciation,  labor,  and  coke,  the  daily  cost  of  CO,  produced 
would  be  $31.90.  Neither  profit  nor  loss  is  figured  on  the  lime. 
Finally,  the  quantity  of  CO,  would  be  only  about  25  per  cent  of  that 
required.  To  produce  80  tons  of  lime  a  day  would  necessitate  a  cor- 
respondingly great  outlay  and  the  production  of  60  tons  of  lime  for 
which  a  market  must  be  found.  Manifestly  the  method  does  not 
recommend  itself,  especially  in  comparison  with  the  following  one. 

Second  method, — At  the  plant  which  has  been  cited,  where  50  tons 
of  straw  are  used  each  day,  about  80  tons  of  Brazil  (Ind.)  bitumi- 
nous coal  are  burned  ever}'  twenty-four  hours.  This  coal  contains 
about  70  per  cent  carbon.  Consequently,  70  per  cent  of  80  tons, 
equaling  56  tons,  or  112,000  pounds,  of  carbon  are  consumed  each  day. 
About  12  pounds  of  air  per  pound  of  carbon  are  necessary  for  com- 
bustion. In  the  average  hand-fired  furnace  an  excess  of  50  per  cent 
of  air  is  supplied,  making  18  pounds  of  air  per  pound  of  carbon.  In 
the  above  case  there  would  be  18  times  112,000,  or  2,016,000,  pounds 
of  air  needed.  A  series  of  16  tests  reported  shows  that  the  per  cent  of 
CO,  in  the  chimney  gases  ranges  from  8  to  19  per  cent.  Assuming 
10  per  cent  as  a  conservative  amount,  there  would  be  10  per  cent  of 
2,016,000,  or  201,600,  pomids  of  CO,  available  every  twenty-four 
hours  from  the  flue  gases.  The  maximum  amount  of  carbon  dioxide 
needed  in  the  precipitation  is  twice  19,800,  which  equals  39,600  pounds. 
Only  20  per  cent  of  the  chimney  gases  would  be  needed  in  the  process 
of  purification.  Gras  pumps  capable  of  delivering  250,000  cubic  feet 
per  twenty-four  hours,  under  the  pressure  of  2  feet  of  water,  would 
be  required. 
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The  cost  for  gas  pump  and  installation  would  be  $2,500,  with  no 
additional  attendance  above  the  usual  engine-room  staff.  Figuring 
cost  on  the  same  basis  as  before,  it  would  amount  to  $1.35  per  diem, 
as  compared  with  $31.90  in  the  previous  case,  a  saving  of  $30.65  a  day. 
The  actual  cost  of  producing  the  necessary  lime  and  CO,  would  be  the 
cost  of  10  tons  of  lime  at  $5  per  ton,  or  $50,  plus  $1.35  for  pumping, 
making  a  total  of  $51.35  daily. 

The  cost  of  installing  a  precipitating  tank  and  mixing  apparatus  is 
so  dep>endent  on  local  conditions  that  no  figures  can  be  given  unless 
the  conditions  be  known.  In  almost  all  cases  the  design  could  be 
adapted  to  the  topography,  so  that  it  would  be  unnecessary  to  pump 
either  the  waste,  the  effluent,  or  the  sludge. 

While  it  is  believed  that  under  average  conditions  filters  are  not 
needed,  if  a  higher  degree  of  purification  is  required  at  times  of  very 
low  stream  flow  than  the  normal  operation  of  the  precipitation  tank 
provides,  gravity  filters  could  be  employed.  Under  some  conditions 
a  second  settling  tank,  or  two  precipitation  tanks  with  a  reduced  rate 
of  flow,  might  be  the  more  economical.  To  operate  a  filter  requires 
an  available  head  of  about  3  feet  from  the  surface  of  the  tank.  To 
operate  two  tanks  either  in  series  or  in  parallel  requires  practically  no 
additional  head. 

TREATMENT  OF  SLUDGE. 

Would  it  pay  to  treat  the  sludge  in  order  to  recover  the  lime  ?  Take, 
for  example,  the  50-ton  mill  which  wastes  19,800  pounds  of  lime  daily. 
Assuming  an  efficiency  of  75  per  cent  in  the  purification  by  precipita- 
tion alone,  there  would  be  present  in  the  sludge  75  per  cent  of  twice 
19,800,  or  29,700,  pounds  of  lime.  Only  about  85  per  cent  of  this  is 
recoverable,  i.  e.,  26,700  pounds. 

No  more  economical  method  of  drying  the  sludge  is  known  than  that 
employed  in  the  manufacture  of  strawboard  itself.  Hence  the  cost 
may  be  considered  the  same.  An  official  of  a  strawboard  company 
states  that  the  hot  rolls  receive  the  pulp  from  the  wet  end,  press  it 
while  it  is  about  66  per  cent  water,  and  deliver  it  with  about  10  per 
cent  of  moisture  remaining.  The  cost  of  removing  this  56  per  cent 
of  water  present  is  the  principal  item  in  the  expense  of  drying.  The 
company  estimates  that  it  requires  11  horsepower  for  twenty-four 
hours,  or  264  horsepower  hours,  to  dry  1  ton  of  board.  If  we 
take  30  pounds  of  steam  as  equivalent  to  1  horsepower  hour,  then 
11 X  24x  30,  or  7,960,  pounds  of  steam  are  required  per  ton  of  product. 
If  7  pounds  of  steam  be  generated  per  pound  of  coal  burned,  1,274 
pounds  of  coal  are  consumed,  which,  at  $3  per  ton,  makes  the  cost 
$1.91  per  ton  of  product.  One-half  the  cake  is  straw  and  one-half 
carbonate  of  lime,  hence  the  cost  per  ton  of  lime  present  is  $3.82. 
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After  the  sludge  is  dried  to  the  consistency  of  strawboard  it  would 
still  contain  10  per  cent  of 'moisture.  To  remove  the  remaining  mois- 
ture and  make  the  lime  available  as  an  oxide  the  cake  must  be  burned 
in  a  limekiln  fired  with  coke,  in  order  that  the  calcium  carbonate  shall 
be  reduced  to  the  oxide,  thus  completing  the  cycle  through  which  the 
lime  has  passed.  The  cost  would  be  greater  than  that  of  burning 
limestone,  because  of  the  greater  moisture  present.  In  addition  there 
would  be  a  considerable  quantity  of  the  silica  present  in  the  ash  of  the 
straw.  The  ash  is  about  5  per  cent  of  the  weight  of  the  original  straw, 
and  of  this  73  per  cent,  according  to  Remsen,  will  be  silica.  The  major 
part  of  the  ash  would  be  accumulated  waste  material  unseparated  from 
the  lime.  It  would  evidently  cost  more  to  recover  the  lime  in  the 
sludge  than  it  is  worth. 

The  particles  of  straw  are  so  fine  that  they  will  not  work  up  into 
even  a  second-grade  board.  In  fact,  no  use  for  this  material  has  been 
discovered,  hence  its  waste.  The  process  of  manufacture  is  so  very 
wasteful,  then,  partly  because  present  methods  can  not  make  this  finer 
portion  into  salable  stock. 

The  question  of  making  a  separate  product  from  the  sludge  was 
raised.  This  material  contains  lime  and  silica  principally.  Would  it 
make  boards  similar  to  asbestos  boards  to  serve  as  nonconductors  to 
heat?  Whether  or  not  the  material,  pressed  and  bonded  by  cloth, 
would  make  a  nonconducting  article  like  felt  has  not  been  carefully 
considered. 

English  patent  No.  16966,  issued  August  6,  1898,  covers  a  process 
of  fireproofing  wood  or  straw  by  treatment  with  carbonate  of  potash, 
boric  acid,  sulphate  of  magnesia,  and  sulphate  of  ammonia  (see  Jour. 
Soc.  Chem.  Ind.,  August  31,  1899,  p.  763).  The  method  would  not 
be  commercially  applicable  in  this  case  in  view  of  the  ruling  prices  of 
felt  and  asbestos.  At  present  it  seems  that  the  only  rational  way  to 
dispose  of  the  sludge  is  to  run  it  out  on  the  grpund. 

CONCLUSIONS. 

1.  Strawboard  waste  is  an  extremely  stable  substance  which  does 
not  degenerate  when  kept  in  clean  containers,  but  when  mixed  with 
other  substances  of  a  putrescible  nature,  such  as  sewage  and  other 
organic  matter  in  streams,  it  becomes  very  foul  and  objectionable. 

2.  Simple  sedimentation  is  not  effective  in  the  purification  of  straw- 
board  waste. 

3.  Chemical  precipitation  appears  to  be  satisfactory  from  every 
standpoint  except  that  of  cost,  which  makes  it  commercially  imprac- 
ticable. 

4.  Filtration  without  previous  sedimentation  is  impracticable,  but 
combined  with  sedimentation  is  an  aid  to  the  process. 
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5.  The  sulphates  of  iron  and  alumina  are  the  most  effective  chemical 
precipitants  for  the  purification  of  strawboard  waste,  but  so  large  are 
the  amounts  which  it  is  necessary  to  use  that  the  cost  is  prohibitive. 

6.  Lime  is  of  no  value  as  a  precipitant. 

7.  Carbon  dioxide  has  no  effect  upon  the  suspended  matter  in 
strawboard  waste. 

8.  The  combination  of  carbon  dioxide  and  milk  of  lime  is  effective 
when  properly  applied,  and  the  process  can  be  economically  maintained 
if  conditions  are  favorable.  The  results  of  experiments  indicate  that 
76  per  cent  of  the  suspended  material  can  be  removed  by  precipitation 
with  carbon  dioxide  and  milk  of  lime  at  high  speed  of  treatment. 
Higher  eflSciencies  can  be  obtained  at  lower  speed  and  by  the  combina- 
tion of  sand  filtration.  It  is  believed,  however,  that  the  latter  would 
be  necessary  only  in  extreme  cases. 

SUPPLEMENTARY  NOTE. 

The  objection,  raised  by  the  officials  of  the  United  Box  Board  and 
Paper  Company  to  the  purification  process  described  in  the  preceding 
pages  is  based  upon  its  cost.  It  is  maintained  that  the  different  kinds 
of  box  board  now  upon  the  market  are  so  evenly  balanced  in  cost  of 
production  and  competitive  selling  price  that  the  additional  expense 
incurred  in  manufacture,  which  would  result  from  the  adoption  of 
this  process,  would  drive  strawboard  from  the  market.  Nevertheless, 
it  is  hoped  that  the  experiments  here  recorded  may  stimulate  interest 
in  the  question  considered  and  aid  in  directing  research  that  will  lead 
to  a  satisfactory  solution  of  the  problem. 
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DISPOSAL  OF  OIL-WELL  WASTES  AT  MARION,  IND. 


By  Isaiah  Bowman. 


IlSrTRODUCTION. 

Since  1886,  a  date  which  marks  the  beginning  of  the  oil  and  gas 
industry  in  eastern  Indiana,  there  has  been  more  or  less  speculation 
concerning  the  pollution  of  wells  and  streams  in  the  oil  fields  in  so  far 
as  such  pollution  impairs  the  purity  of  drinking  water  or  damages 
water  for  domestic  and  industrial  uses.  Within  the  last  few  years  the 
matter  has  assumed  a  more  serious  aspect.  Considerable  litigation 
has  resulted  from  attempts  to  collect  compensation  for  damages  to 
surface  wells  by  this  form  of  contamination. 

In  the  following  pages  the  manner  in  which  such  pollution  occurs 
is  shown,  and  a  remedy  is  suggested  for  the  conditions.  The  data  pre- 
sented relate  to  the  city  of  Marion,  this  city  having  been  chosen  as 
the  place  of  inquiry  because  it  is  situated  in  the  center  of  the  oil 
fields  of  eastern  Indiana  and  because  many  cases  of  well  and  stream 
pollution  are  known  to  exist  there. 

Acknowledgments  are  due  to  Mr.  E.  HuUey,  superintendent  of  the 
Marion  waterworks,  and  Messrs.  John  E.  Weigel  and  W.  L.  Benson, 
well  drillers,  for  assistance  rendered  by  them  in  preparing  this  paper. 

TOPOGRAPHY  AND  DRAINAGE  OF  THE  REGION. 

The  city  of  Marion  is  located  on  Mississinewa  River.  This  stream 
is  tributary  to  the  Wabash  and  has  a  length  of  about  100  miles. 
The  general  course  of  the  stream  is  northwestward,  and  the  chan- 
nel lies  just  outside  the  Mississinewa  moraine.  Above  Marion 
the  river  swings  against  the  moraine,  cutting  steep  bluffs  into  the 
clay;  but  near  the  Arcona  bridge,  between  Eighteenth  and  Nine- 
teenth streets,  it  cuts  into  a  gravel  terrace  formed  outside  the  moraine 
by  the  stream  when  it  was  overloaded  by  material  derived  from  the 
ice  which  then  rested  against  the  moraine.  Just  opposite  Marion-on- 
the-River,  and  again  near  the  Washington  Street  Bridge,  the  Missis- 
sinewa flows  over  rock.  This  greatly  impedes  the  dissection  of  the 
till  plain  and  terraces  in  which  the  river  valley  has  elsewhere  been 
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incised.  The  difference  in  the  character  of  the  material  that  the 
river  must  remove  has  resulted  in  alternate  straight  and  meandering 
stretches.  Each  outcrop  of  rock  in  the  channel  is  generally  indicated 
by  a  marked  sinuosity  of  the  stream  above  it. 

Back  of  the  river  bluffs,  which  have  an  average  height  of  about  60 
feet,  the  surface  of  the  country  to  the  southwest  is  extremely  level, 
and  drainage,  especially  on  the  flat  and  wide  divides,  is  sluggish  and 
ineffective.  Northeast  of  the  river  the  Mississinewa  moraine  gives 
some  relief  to  the  surface,  although  that  part  of  the  moraine  near 
Marion  has  an  average  height  of  not  more  than  20  or  30  feet. 

The  valley  bottom  varies  greatly  in  width.  In  places  it  is  but  little 
wider  than  the  river,  while  in  the  vicinity  of  the  pumping  station  it  is 
from  a  half  mile  to  a  mile  wide.  The  business  part  of  the  city  and  its 
more  thickly  settled  portions  lie  on  an  old  flood  plain  of  the  Missis- 
sinewa. The  oil  wells  are  scattered  over  the  whole  region,  alike  in 
valley  bottom  and  in  the  country  back  of  the  river  bluffs.  Occasion- 
ally, where  the  bluffs  have  a  gentle  descent,  oil  wells  may  be  found 
on  them,  as  well  as  on  the  lower  surfaces  nearer  the  river,  positions 
which  have  the  advantage  of  rapid  drainage,  while  the  others  have  the 
association  of  stagnant  pools  of  waste  oil. 

GEOIiOGIC    FEATURES. 

PLEISTOCENE   DEPOSITS. 

At  the  place  where  Sixth  street  ascends  the  river  bluffs  in  the 
western  part  of  the  city  there  is  a  typical  30-foot  section  of  the  till 
plain.  Beneath  a  covering  of  till  about  10  feet  thick  is  a  layer  of 
gravel,  which  in  turn  overlies  a  layer  of  iron-stained  bowldei^s  several 
feet  thick.  Below  this  is  a  promiscuous  deposit  of  clay  and  gravel, 
underlain  by  cross- bedded  and  fine- textured  sand. 

The  upper  covering  of  till  is  persistent  throughout  this  region, 
varying  in  thickness  from  several  inches  to  15  feet.  It  is,  of  course, 
absent  in  the  valleys  where  the  river  has  undercut  it.  Where  it  is 
thin  it  is  very  porous,  because  of  oxidation  and  the  action  of  vegeta- 
tion, so  that  it  offers  no  obstruction  to  the  free  passage  of  percolating 
water.  Along  the  present  stream  channel  and  over  the  older  flood 
plain  that  lies  between  the  bluffs  are  scattered  bowlders  which  the 
river  has  been  able  to  undermine  and  dislodge  from  the  bowlder  bed 
previously  mentioned,  but  which  it  is  not  able  to  carry  downstream. 
In  places  the  till  is  so  free  from  pebbles  that  it  is  used  in  the  manu- 
facture of  brick. 

A  number  of  well  sections  are  given  herewith,  since  they  represent 
the  character  of  the  glacial  deposits,  an  understanding  of  which  is 
essential  to  an  appreciation  of  the  conditions  of  water  contamination. 
The  best  well  section  procured  in  the  vicinity  of  Marion  was  that 
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obtained  at  the  pumping  station  of  the  city  waterworks.  At  the 
request  of  the  writer  samples  of  the  borings  were  saved  by  Mr.  E. 
Hulley,  superintendent  of  the  waterworks.  The  well  was  drilled  in 
October,  1903.  In  studying  the  section  it  must  be  remembered  that 
the  pumping  station  is  in  the  valley  of  the  Mississinewa  and  that  the 
bluff  section  given  above  must  be  added  to  the  well  section  in  order  to 
get  a  fair  notion  of  the  character  of  the  deposits  from  the  surface  of 
the  till  plain  to  the  rock. 

The  samples  were  examined  both  microscopically  and  macroscopic- 
ally.     A  description  of  them  follows: 

Section  of  well  at  city  walerworks,  Marion  ^  Ind. 


1.  Fine  sand  and  black  loam  (a  peaty  deposit  in  a  part  of  the 

river  channel  now  abandoned) 

2.  Very  fine,  yellow,  sharp,  ferruginous  sand 

3.  Coarse  gray  sand,  the  grains  being  rounded  through  water 

action 

4.  Fine  gravel,  made  up  mostly  of  erratic  material  and  quartz  sand . 

5.  Pale  reddish-brown  clay  with  many  stones  and  considerable 

gravel,  also  some  iron  concretions.  The  stones  and  pebbles 
were  of  chert,  limestone,  trap,  shale,  and  quartzite.  (Lime- 
stone, shale,  and  chert  pebbles  seem  to  have  been  derived 
from  the  underlying  rock) 

6.  (xray  clay,  very  plastic  when  wet  and  containing  no  pebbles. 

This  clay  is  remarkably  pure  and  is  distinct  from  the  clay 
bed  above  it  in  containmg  no  pebbles  whatever  in  it«  middle 
portion,  though  it  merges  gradually  into  the  pebbly  clay  above. 

7.  Limestone  ( Niagara).     The  limestone  is  water  bearing  from  the 

top  to  the  last  depth  given  and  presumably  beyond,  but  the 
bc«t  supply  comes  from  a  subporous  and  greatly  fissured 
layer  3S  feet  below  the  rock  surface 


Thickiiess 

of  stratum 

in  feet 


3 

28 

15 
4 


54 


26 


58 


Depth  to 
bottom  of 
stratum  in 
feet. 


3 
31 


46 

50 


104 


130 


188 


This  is  a  flowing  well,  the  water  rising  (when  the  well  is  piped  up) 
t;0  a  height  of  18  feet  above  the  surface. 

The  following  boring  records  were  kindly  furnished  by  Mr.  John  E. 
Weigel,  of  Marion,  Ind.  They  show  the  character  and  depth  of  the 
material  overlying  the  rock  at  the  various  places  indicated  by  the 
corresponding  numbers  on  the  accompanying  map  (fig.  4). 

Maieridl  overlying  rock  at  certain  localities  indicated  by  numbers  on  fig.  4* 

Feet. 

1.  Sand  and  gravel 0-30 

2.  Sand  and  gravel •. 0-17 

3.  Sand  and  gravel 0-37 

**Blue''  clay 37-45 

4.  Sand  and  gravel 0-57 

**Blue"  clay 57-65 
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Feet. 

5.  Gravel 0-^0 

Mixture  of  gravel,  sand,  and  clay 30-105 

6.  Gravel  and  sand 0-50 

Till  as  in  No.  5 50-60 

7.  Rock  in  river  bottom 0 

8.  Till,  sand,  and  gravel 0-100 

9.  Sand  and  gravel 0-32 

10.  Sand  and  gravel 0-60 

11.  Gravel 0-40 

TiU 40-100 


\R)uarries] 
a. 


,  Hummocky  surface,  merging 
'  into  the  Mississinetva  moraine 


Fig.  4.— Map  of  Marlon,  Ind. 

12.  Till,  sand,  and  gravel 0-200 

13.  Till,  sand,  and  gravel 0-200 

14.  Gravel 0-50 

Till 50-105 

15.  Sand  and  gravel 0-60 

Till 60-198 

16.  Quicksand 0-55 

Till  (mostly  gravel  and  some  brown  clay) 55-200 

17.  Gravel,  bearing  salt  water 0-40 

Till 40-177 

18  and  19.  (The  samples  previously  referred  to  are  from  these  two  wells. ) 
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Feet. 

20.  Sand  and  gravel 0-40 

Till 40-60 

Gravel : 60-70 

Clay 70-169 

(This  well  was  drilled  118  feet  into  limestone,  making  a  total  depth  of 
287  feet,  but  no  water  was  encountered,  and  the  well  was  abandoned. ) 

21.  Sand  and  gravel 0-60 

Till 60-117 

Gravel 117-127 

Clay 127-216 

While  the  last  clay  bed  is  extensive,  it  by  no  means  covers  the 
entire  surface  of  the  rock,  for  well  sections  frequently  show  glacial 
gravel  and  till  all  the  way  to  rock.  No  bowlders  are  known  to  occur 
in  it,  and  the  deposit  may  be  nonglacial.  Gravel  is  said  to  underlie 
it  in  places,  but  none  of  the  gravel  was  obtainable,  and  its  nature  is 
therefore  uncertain. 

In  the  foregoing  records  no  distinction  was  made  between  this  clay 
bed  and  the  pronouncedly  glacial  material  overlying  it,  although  an 
examination  of  the  samples  showed  that  such  a  distinction  exists. 

The  well  sections  show  that  there  is  an  extensive  area  of  rock  sur- 
face not  covered  with  clay,  the  entire  section  yielding  only  sand  and 
gravel.  It  also  appears  that  the  upper  layers  of  clay,  or  more  prop- 
erly, of  till,  and  the  layers  of  gravel  are  in  many  places  ditferen- 
tiated,  while  in  others  there  is  a  more  or. less  intimate  mixture  of 
these  two  materials.  Such  a  mixture  must  not  be  regarded  as  imper- 
vious to  water.  There  is  undoubtedly  a  more  or  less  free  circulation 
of  subsurface  water  throughout  this  entire  mass  of  glacial  material. 
This  conclusion  is  warranted  not  only  by  a  determination  of  the  fre- 
quent high  porosity  of  the  till  and  its  consequent  permeability  to 
water,  but  also  by  underground  observations  on  percolating  water. 
In  assisting  Mr.  A.  C.  Veatch,  of  this  Survey,  in  work  done  on  Long 
Island,  New  York,  during  the  siunmer  of  1903,  the  writer  had  occasion, 
through  the  kindness  of  Mr.  J.  C.  Meem,  consulting  engineer  for  the 
Borough  Construction  Company,  to  examine  a  sewer  tunnel  in  course 
of  construction  between  Sixty-fifth  street  and  Fort  Hamilton  avenue, 
South  Brooklyn.  Different  working  faces  were  closely  examined,  and 
it  was  found  that  even  in  those  places  where  the  till  was  most  clayey 
in  composition  the  water  at  a  depth  of  90  feet  from  the  surface  had 
occupied  the  pores  of  the  till  in  such  manner  and  to  such  a  degree 
that  constant  pumping  was  necessary  to  keep  this  part  of  the  tunnel 
dry  enough  to  permit  work.  The  sand  and  gravel  distributed  through 
the  till  was  sufficiently  abundant  to  allow  a  constant  flow  of  under- 
ground water.  This  fact  must  be  regarded  as  important,  inasmuch  as 
a  number  of  apparently  anomalous  cases  of  contamination  no  doubt 
depend  for  their  explanation  upon  this  quality  of  the  till. 
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HARD  ROCK  FORMATIONS. 

The  hard  rock  formations  with  which  this  report  is  concerned  are 
the  Niagara  limestone,  the  shales  and  limestones  formerly  known  as 
the  Hudson  River  limestone  and  Utica  shale,  and  the  upper  Trenton 
limestone. 

NIAGARA   LIMESTONE. 

Into  the  Niagara  limestone  pre-Glacial  streams  cut  valleys  several 
hundred  feet  deep.  This  depth  was  so  great  that  the  ice  sheet  was  just 
able  to  cover  the  valleys  and  divides  evenly  with  drift,  and  so  enable 
the  post-Glacial  streams  to  take  an  initial  course  independent  of  the  old 
rock  valleys.  The  depths  to  rock  at  various  places  in  Marion  and  in  the 
region  east  of  that  city  indicate  that  the  pre-Glacial  drainage  was  along 
a  northeast-southwest  line,  almost  at  right  angles  to  the  general  direc- 
tion of  the  course  now  taken  by  the  Mississinewa.  In  some  of  the 
deeper  parts  of  this  old  valley  the  limestone  has  been  completely 
eroded  and  the  shale  beneath  uncovered,  while  over  a  considerable 
area  near  the  bottom  of  the  valley  the  limestone  is  but  a  f ^w  feet  thick. 
Toward  the  divides  it  becomes  thicker,  reaching  a  maximum  thickness 
of  about  350  feet  at  the  quarries  indicated  on  the  map. 

The  upper  layers  of  limestone  are  weathered  to  a  depth  of  6  or  8 
feet,  the  result  being  the  formation  of  a  dirty  yellow  and  partially 
oxidized  clay.  In  most  places  this  clay  is  porous,  usually  covering 
the  rock  to  an  insignificant  depth.  Most  of  this  clay  was  removed 
during  the  advance  of  the  ice.  It  occurs  at  the  present  time  only  in 
patches,  which  furnish  all  the  evidence  that  is  available  concerning 
pre-Glacial  conditions. 

The  limestone  lies  in  nearly  horizontal  layers.  It  is  extensively  fis- 
sured, the  breaks  being  more  numerous  near  the  top  of  the  section, 
presumably  from  pre-Glacial  weathering,  the  weight  of  the  once  over- 
lying ice,  and  the  extremes  of  temperature  to  which  the  rock  was 
subjected  and  the  water  which  it  contained.  This  condition  of  the 
limestone  permits  surface  water  to  have  easy  access  to  the  rock  for 
some  depth,  and  rock  wells  and  springs  (the  latter  where  the  rock  out- 
crops in  a  favorable  way)  are  therefore  to  be  expected.  Such  springs 
exist  in  all  the  quarries,  and  the  chief  source  of  the  city  water  supply 
is  from  wells  drilled  into  the  upper  limestone  rock. 

It  is  maintained  by  the  writer  that  the  water  occurring  in  the  upper 
limestone  rock  is  not  derived  from  some  far  distant  source  and  trans- 
mitted through  possible  porous  layers  of  limestone,  but  is  essentially 
of  local  derivation  and  is  supplied  from  rainfall  percolating  through 
the  glacial  deposits  above.  This  conclusion  is  supported  by  the  fol- 
lowing considerations: 

1.  Water  must  enter  the  limestone  where  it  is  not  covered  with  clay. 
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2.  Once  in  rock  which  is  fissured  and  to  a  slight  extent  porous,  the 
water  must  ultimately  m^cupy  even  those  parts  of  the  rock  that  are  cov- 
ered with  clay. 

3.  The  greatest  supply  of  water  is  found  near  the  top,  where  the 
limestone  is  most  highly  fissured  and  where,  therefore,  the  transmission 
of  pressure  is  most  quickly  accomplished. 

4.  The  deep  valleying  which  the  limestone  has  suffered  and  the  con- 
sequent relation  of  the  superimposed  clay  beds  to  the  shale  and  the 
eroded  edges  of  the  limestone  prevent  the  wide  distribution  of  perco- 
lating water  through  possible  porous  limestone  layers. 

5.  The  rock  is  unevenly  fissured.  If  there  is  any  connection  between 
the  fissured  condition  and  the  supply  from  above,  we  should  expect  the 
greatest  supply  where  the  rock  is  most  highly  fissured;  also  a  consider- 
able disparity  in  the  depths  of  wells,  even  though  such  wells  are  within 
short  distances  of  one  another.  Many  examples  of  the  latter  condition 
are  found  among  rock  wells. 

6.  The  rock  l>eing  unevenly  fissured  and  of  different  degrees  of 
porosity,  a  combination  of  unfavorable  conditions  may  result  and  no 
water  may  be  procurable  from  the  rock  in  some  places.  Such  condi- 
tions have  been  known  to  occur,  although  the  number  of  cases  is  rare. 
One  of  the  most  notable  occurred  in  November,  1903,  when  a  boring 
was  made  for  water  by  the  city  waterworks  company.  On  the  map 
the  well  is  indicated  by  the  number  22.  The  following  material  was 
encountered: 

Section  of  dry  boring  at  Marion^  Ind, 

Feet. 

(1 )  Sand  and  gravel 0-50 

(2)  Mixed  gravel  and  clay 50-169 

(3 )  Limestone  ( Niagara ) 169-287 

Note. — No  water  was  obtained  and  the  hoi:  was  abandoned. 

7.  So  far  as  the  writer  has  been  able  to  determine,  there  are  no  suc- 
cessful wells  in  the  limestone  at  any  depth  where  the  limestone  comes 
very  near  to  the  surface,  while  in  the  valleys  the  wells  in  the  rock  are 
scarcely  ever  unsuccessful  and  they  nearly  always  flow. 

HUDSON   RIVER   LIMESTONE   AND   UTICA   SHALE. 

This  group  occurs  about  365  feet  below  the  surface  and  is  about  560 
feet  thick,  the  Trenton  limestone  beginning  at  about  925  feet.  The 
shales  are  somewhat  calcareous,  and  near  the  top  and  bqttom  of  the 
series  there  are  frequent  intercalations  of  bluish  thin-bedded  lime- 
stones. The  formation  is  not  water  bearing  except  near  the  bottom, 
where  water,  saline  in  qualitj%  sometimes  occurs. 

TRENTON   LIMESTONE. 

This  limestone  is  dull  gray  in  color,  except  where  it  is  most  calcitic, 
and  there  it  is  nearly  white.     Oil  oc»curs  near  the  top  of  the  forma- 
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tion,  where  the  rock  is  extremely  porous.  Beneath  the  oil  is  saltwater, 
which  is  pumped  out  with  the  crude  oil  in  large  quantities.  If  pump- 
ing is  continued  irregularly  the  oil  well  may  be  permanently  injured 
by  the  inflow  of  salt  water.  In  the  earlier  days  of  oil  wells  the  driller 
frequently  drilled  to  too  great  a  depth  and  the  inflow  of  brine  was  so 
strong  that  the  well  became  useless.  In  order  to  form  a  reservoir  for 
the  collection  of  oil  the  limestone  must  be  entered  some  distance,  and 
the  most  successful  wells  are  those  which  are  drilled  deep  enough  to 
allow  a  large  amount  of  oil  to  collect  and  still  be  some  distance  above 
the  upper  level  of  the  brine.  The  oil  wells  are  usually  about  1,050 
feet  deep,  the  oil  rising  to  within  600  or  700  feet  of  the  surface. 

SOURCES    OF    CONTAMINATION.   ^ 

Scarcely  a  week  passes  but  the  boring  of  an  oil  well  near  Marion  is 
completed  and  the  well  is  ''shot"  with  nitroglycerine.  The  shooting, 
no  doubt,  breaks  up  the  porous  Trenton  limestone  and  forms  fissures 
and  small  caverns,  which  act  as  reservoirs  into  which  the  oil  will  flow 
if  this  substance  occupies  the  pores  of  the  rock  at  that  place.  The 
surface  effect  of  the  shooting  is  the  violent  ejection  of  salt  water  and 
oil,  often  to  the  estimated  amount  of  thousands  of  gallons.  The  oil 
and  salt  water  sink  into  the  soil,  where  it  is  sufficiently  porous,  and 
finally  reach  the  surface  zone  of  underground  flow,  where  they  par- 
take of  the  general  movement  of  the  water  toward  the  main  line  of 
underground  drainage. 

Wells  reaching  this  saturated  zone  and  lying  between  the  oil  well 
and  this  line  of  drainage,  or  thalweg,  become  polluted.  This  takes 
place  even  though  the  amount  of  oil  contributed  during  a  week  or  a 
month  should  be  small;  for  the  oil,  being  lighter  than  the  water  and 
having  greater  viscosity,  is  subject  to  less  favorable  conditions  of 
lateral  flow,  and  the  i-atio  of  the  amount  of  it  in  the  well  to  the  height 
of  the  vertical  water  column  of  which  it  forms  a  part  tends  to  be 
greater  than  the  ratio  expressing  a  normal  condition  elsewhere  in  the 
saturated  zone. 

By  a  similar  process  of  reasoning  we  are  led  to  believe  that  the 
brine,  but  not  the  oil,  should  pollute  wells  which  derive  water  from 
deeper  zones  of  flow  or  from  the  bottom  of  the  surface  zOne.  This 
will  be  true  especially  where  depressions  occur  in  the  clay  of  the 
drift,  or  along  the  main  line  of  underground  drainage.  This  con- 
clusion seems  to  be  supported,  in  part  at  least,  by  the  records  given 
elsewhere  in  this  paper,  it«  final  justification  depending  on  its  accord- 
ance with  a  larger  amount  of  data.  The  slope  of  the  ground  being 
usually  indicative  of  the  direction  of  flow  of  underground  water,  an 
examination  of  the  surface  slopes  with  reference  to  a  near-by  water 
well  should  indicate  whether  or  not  pollution  may  arise  in  a  given 
locality  through  the  circumstances  attending  the  sinking  and  working 
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of  an  oil  well.  In  sinking  water  wells,  depressions  in  the  drift  should 
be  avoided,  as  well  as  the  deeper  parts  of  the  valley.  As  will  appear 
more  clearly  later  in  this  discussion,  however,  the  burden  of  responsi- 
bility for  contamination  rests  not  on  the  owners  of  water  wells  but 
on  the  owners  of  oil  wells,  for  the  latter  are  usually  in  the  field 
later  than  the  former  and  locate  their  wells  often  with  no  regard  to 
the  rights  of  others  and  in  contempt  of  well-established  theories  of 
contamination. 

.If  the  contamination  of  wells  were  due  alone  to  the  oil  and  salt 
water  which  is  thrown  out  at  the  shooting  of  a  well  the  number  of 
cases  of  pollution  might  be  much  smaller  than  it  is  now,  for  a  great 
deal  of  the  liquid  thrown  out  runs  off  quickly  into  the  creeks,  and  only 
a  part  of  it,  except  where  the  surface  is  level  or  the  ground  porous, 
sinks  into  the  soil.  There  is  another  and  more  prolific  source  of  con- 
tamination. The  brine  and  oil  pumped  from  an  oil  well  are  delivered 
to  a  tank  having  a  capacity  of  100  barrels  or  more.  Near  the  bottom 
of  the  tank  a  pipe  leads  up  at  an  angle  with  the  side,  and  it  is  through 
this  pipe  that  the  salt  water  is  allowed  to  escape.  (See  PI.  IV.)  A 
little  below  the  level  of  the  top  of  the  liquid  in  the  tank  another  pipe 
leads  off.  It  is  through  this  one  that  the  oil  is  conducted.  The  adjust- 
ment of  these  two  pipes  is  made  with  reference  to  the  capacity  of  the 
well,  so  that  but  little  waste  of  oil  occurs  from  this  source.  Some, 
however,  does  find  its  way  out  of  the  pipe  intended  to  convey  only  salt 
water,  and  this  oil,  together  with  that  which  is  derived  from  various 
leaks  in  the  tank  and  from  pumping,  result  in  a  constant  flow  of  brine 
and  oil  from  the  well  and  tank.  In  many  cases  the  owners  of  these 
wells  pay  no  attention  to  the  disposition  of  this  refuse,  but  allow  it  to 
lie  in  pools  or  to  run  slowly  over  the  adjoining  fields.  Some  of  it 
finds  its  way  into  the  creeks  and  so  into  the  river,  while  still  another 
part  sinks  slowly  into  the  ground.  In  some  cases  the  attention  of 
owners  has  been  called  to  the  danger  of  pollution,  but  only  a  few  of 
them  take  the  precaution  to  construct  a  ditch  from  the  well  to  the 
nearest  ravine  or  creek. 

It  is  instructive  in  this  connection  to  note  the  manner  in  which  pipes 
are  inserted  into  the  bore  holes  in  rock  and  the  danger  of  pollution 
resulting  from  this  method.  An  8-inch  pipe,  called  a  drivepipe,  is 
driven  down  through  the  various  materials  above  the  rock  as  rapidly 
as  the  material  at  the  bottom  of  the  pipe  can  be  removed  by  means  of 
a  sand  bucket,  and  is  then  forced  into  the  upper  limestone  to  a  distance 
of  from  5  to  15  feet.  With  the  largest  drill  that  will  work  in  the  casing 
the  hole  is  continued  down  through  the  upper  limestone  as  far  as  the 
shale  overlying  the  Trenton  limestone.  Here  the  size  of  the  bit  is 
reduced,  and,  after  the  hole  is  drilled  some  distance  into  the  shale,  the 
hole  is  cased  with  a  5f-inch  pipe.  The  shale  itself  contains  no  water, 
except  very  small  amounts  near  its  base,  but  the  limestone  overlying 
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it  is  saturated.  It  is  the  effort  of  the  driller  to  so  tightly  fit  the  casing 
into  the  shale  that  no  water  from  the  overlying  limestone  can  follow 
down  the  pipe  to  its  open  lower  end.  Such  a  passage  along  the  pipe 
would  either  allow  the  oil  to  escape  upward,  or  the  surficial  waters, 
with  sand,  clay,  etc.,  to  pass  downward  into  the  oil,  according  to  the 
direction  of  circulation. 

The  space  between  the  casing  and  the  sides  of  the  hole  in  the  lime- 
stone permits  such  oil  and  brine  as  have  passed  downward  through  the 
soil  to  have  easy  access  to  the  waters  in  the  limestone.  This  takes 
place  oftenest  where  the  limestone  is  near  the  surface  and  where  the 
material  above  it  consists  wholly  of  sand  and  gravel.  The  water  in 
this  loose  material  will  tend  to  move  nearly  vertically  downward,  but 
contamination  will  occur  with  almost  equal  certainty  where  the  direc- 
tion of  movement  has  a  strong  horizontal  component,  the  wells  being 
so  numerous  and  crowded  that  the  refuse  from  one  readily  contami- 
nates the  water  in  the  rock  adjacent  to  others.  In  the  vicinity  of  the 
Thirty -eighth  Street  Bridge  the  water  table  stands  from  30  to  35  feet 
below  the  surface,  showing  that  the  movement  of  whatever  additions 
it  may  be  receiving  by  downward  percolation  from  the  surface  must  be 
nearh^  vertical,  as  evidences  of  lateral  movement,  as  expressed  by  any 
rise  of  the  water  table,  are  absent.  The  water  level  in  the  rock  at  this 
and  similar  places  seems  to  supply  additional  proof  of  the  local  sources 
of  the  water.  The  flowing  wells  in  the  valley  are  at  least  50  or  60  feet 
lower  than  those  about  Thirty -eighth  Street  Bridge,  and  the  height  to 
which  the  water  will  rise  in  the  strongest  of  the  flowing  wells  seems  to 
be  always  somewhat  less  than  the  height  of  the  water  level  in  adjacent 
areas.  Precise  levels  run  to  the  various  wells  would  furnish  data  of 
great  value  in  settling  questionable  points  of  this  nature. 

Where  artesian  effect  is  pronounced  pollution  from  the  source  under 
consideration  may  not  be  accomplished  as  readily,  though  it  seems  that 
in  time  the  inflow  of  salt  water  near  the  head  would  contaminate  most 
of  the  water  in  the  rock.  The  likelihood  of  such  an  occurrence  is 
being  strengthened  continually  because  of  the  constantly  increasing 
number  of  oil  wells.  The  water  from  many  rock  wells  shows  at  the 
present  time  an  extremely  high  percentage  of  chlorine,  and  it  is  quite 
possible  that  it  is  now  derived  from  that  source,  though,  because  of 
the  relatively  small  amount  delivered,  diffusion  does  not  allow  the 
result  to  be  so  noticeable  as  it  may  in  time  become  when  the  supply  is 
increased. 

It  has  been  shown  before  that  a  differentiation  of  the  refuse  from  an 
oil  well  may  be  expected  to  take  place,  the  oil  remaining  undiffused 
and  comparatively  near  the  surface,  while  the  salt  water  sinks  down 
until  diffusion  destroys  the  disparity  existing  between  the  specific 
gravities  of  the  brine  and  the  water  derived  from  rainfall.  There  is, 
therefore,  more  danger  arising  from  the  complete  contamination  of 
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wells  near  the  surface  by  means  of  oil  than  in  the  case  of  deeper 
wells  from  brine.  This  is  true  especially  where  the  water  table  is 
lowered  through  excessiv^e  pumping.  Any  oil  near  the  surface  will 
be  induced  to  assume  lower  and  lower  levels  until,  as  pumping  increases, 
it  is  drawn  into  the  pipe.  The  example  of  this  occurrence  quoted  below 
is  all  the  more  interesting  when  it  is  known  that  the  above  deduction 
was  reached  before  examples  of  this  sort  of  thing  were  known. 

'*0n  Deceml>er  1,"  writes  Mr.  HuUey,  "the  water  wells  [24  on  the 
map]  of  the  Indiana  Brewing  Association,  at  Marion,  began  pumping 
oil.  They  are  160  feet  deep  and  in  gmvel.  They  are  flowing  wells, 
but  the  flow  not  being  sufficient,  pumping  by  means  of  air  lift  is 
resorted  to.  When  the  amount  of  oil  in  the  water  becomes  too  great 
the  pumps  are  stopped,  and  after  standing  for  some  time,  so  that  the 
wells  begin  to  flow,  oil  ceases  to  occur  in  the  water.  When  pumping 
is  resumed  no  oil  is  noticeable  until  the  water  level  is  lowered  consider- 
ably through  pumping."  Mr.  HuUey  says  further  that  the  oil  is  with- 
out odor,  showing  that  it  has  been  purified  by  passing  through  sand 
and  gravel  and  that  it  has  evidently  gotten  into  the  ground  from  some 
distant  source,  as  there  are  no  oil  wells  near  by. 

There  are  thus  seen  to  be  two  chief  sources  of  danger  of  contamina- 
tion. Oil  and  brine  may  escape  between  the  casing  and  the  shale  and, 
rising  to  the  porous  or  Assured  layers  of  limestone,  may  contaminate 
the  water  therein,  or  they  may  sink  down  through  the  soil  from  stag- 
nant pools  of  refuse  at  the  surface.  The  danger  arising  from  the 
former  source  seems  to  be  very  small,  for,  considering  the  height  to 
which  the  oil  will  naturally  rise  and  the  fact  that  the  oil  wells  are  fre- 
quently not  pumped  for  a  day  or  two,  the  return  of  the  oil  from  the 
outside  of  the  casing  into  the  well  would  be  accompanied  by  an  inflow 
of  sand  which  would  be  destructive  to  the  well.  This  is  probably  but 
seldom  the  case.  Where  wells  have  been  sand  choked  it  has  not  as 
yet  been  definitely  proved  whether  the  source  of  the  sand  was  from 
above  or  below,  the  difficulty  being  that  in  both  cases  it  would  be 
derived  from  limestone.  Until  this  danger  has  been  proved  to  be 
actual  no  regulation  by  law  will  or  should  be  attempted. 

Regarding  the  latter  source  of  danger,  from  water  seeping  through 
the  soil  from  above,  there  is  pretty  conclusive  proof.  Moreover,  the 
evil  effects  of  the  condition  are  so  widespread  and  the  remedy  is  so 
simple  that  the  disposition  of  oil  refuse  should  be  made  a  subject  of 
legislative  enactment.  In  the  country  districts  there  is  little  need  for 
vigilance  beyond  securing  the  quick  removal  of  oil  refuse  to  the  nearest 
stream  by  means  of  ditches  and  the  intelligent  selection,  with  refer- 
ence to  the  probable  movement  of  the  underground  water,  of  sites  for 
oil  wells.  It  is  in  the  thickly  settled  parts  of  the  State,  in  villages 
and  cities  where  water  wells  are  more  numerous,  and  where  they  can 
not  always  be  properly  located,  that  the  need  for  n  remedy  is  most 
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urgent.  The  oil  wells  are,  as  a  rule,  yielding  a  lavish  return  to  their 
owners,  and  there  is  no  reason  why  these  owners  should  not  be  com- 
pelled within  proper  limits  to  join  in  the  construction  of  sewers  which 
will  convey  oil  refuse  to  the  river. 

The  streams  in  this  region  are  all  more  or  less  polluted,  the  water 
having  an  exceedingly  unpleasant  odor  and  a  yellowish-white  color. 
This  is  the  color  of  the  brine  as  it  is  pumped  from  the  wells  and  is  due 
to  the  presence  of  sulphur.  From  time  to  time  public  interest  is 
aroused  by  the  unsightly  condition  of  the  streams  and  there  is  much 
discussion  in  regard  to  the  disposition  of  the  water.  In  Marion  the 
discussion  centers  about  Boots  Creek,  for  it  is  this  creek  which  runs 
through  the  city  and  is  thought  to  endanger  health.  At  the  present 
time  there  is  under  consideration  the  building  of  an  aqueduct  for  the 
transportation  of  this  water  to  the  Mississinewa. 

Regarding  the  healthfulness  of  these  streams,  it  is  noteworthy  that 
before  the  beginning  of  the  oil  and  gas  industry  they  were  so  sluggish 
that  in  the  dry  season,  when  they  were  a  mere  succession  of  pools,  the 
stagnant  condition  of  the  water,  aided  by  the  addition  of  sewage  and 
foul  vegetable  matter,  resulted  frequently  in  typhoid  fever,  while  at 
the  present  time,  owing  to  the  steady  contributions  from  oil  and  gas 
wells,  there  is  active  circulation  of  water  throughout  the  entire  year. 

Dr.  W.  A.  Fankboner,  of  Marion,  has  this  to  say  about  the  condi- 
tion of  Boots  Creek:  ^'  Its  condition  now  is  more  healthful  than  before 
oil  refuse  was  turned  into  it.  To  be  sure,  to  some  people  the  odor  is 
unpleasant,  but  the  stream  is  not  overgrown  with  weeds  and  covered 
with  slime,  as  it  formerly  was  at  certain  times  of  the  year;  and  the  oil 
has  made  it  unpleasant  as  a  breeding  place  for  mosquitoes."  He  also 
says  that  there  is  no  ground  for  the  charge  that  more  cases  of  typhoid 
fever  have  occurred  along  this  creek  than  along  other  creeks  but 
slightly  polluted. 

The  considemtion  of  alt  the  foregoing  possibilities,  together  with 
the  fact  that  the  city  of  Marion  depends  for  its  water  supply  upon 
rock  wells  (the  surface  wells  not  supplying  an  adequate  amount), 
makes  the  danger  seem  very  grave. 

There  are  at  least  75  oil  wells  in  a  few  square  miles  of  territory 
near  Thirty-eighth  Street  Bridge,  where  clay  does  not  overlie  the 
rock.  The  amount  of  oil  refuse  that  finds  its  way  into  the  limestone 
is  enormous,  200  or  300  surface  and  rock  wells  in  this  area,  according 
to  Mr.  Wcigel,  suffering  contamination,  and  unless  this  refuse  is 
drained  off  into  the  river  and  not  allowed  to  sink  into  the  soil  the 
gravest  fears  may  be  entertained  for  the  continued  purit}^  of  the  city 
of  Marion's  water  supply.  A  number  of  these  wells  were  visited  and 
the  water  examined.  Among  them  were  those  l)elonging  to  Doctor 
Snodgrass  and  Messrs.  Vansky  and  Keene.  The  location  of  these 
three  wells  is  indicated  on  the  map  by  the  number  23  (p.  39).     In  other 
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places,  where  clay  overlies  the  rock  to  some  thickness,  the  present 
danger  may  not  be  so  great,  although  ultimately,  because  of  the 
nature  of  the  source  from  which  all  the  water  in  the  upper  limestone 
is  derived,  the  water  will  become  contaminated  even  at  these  places. 

With  reference  to  this  point,  it  has  too  long  been  the  custom  to 
make  light  of  a  situation  that  in  a  year  or  so  may  become  very  grave. 
Deeper  sources  of  good  water  are  unknown  in  this  part  of  the  State. 
The  shale  beneath  the  Niagara  limestone  yields  practically  no  water, 
the  little  it  does  yield  being  saline,  while  still  deeper  is  the  Trenton 
limestone,  full  of  oil  and  brine.  Neither  can  the  water  from  the 
streams  be  utilized,  the  constant  inflow  of  brine  and  oil  from  adjacent 
oil  wells  rendering  this  plan  impossible.  Here  practically  the  single 
source  of  the  water  supply  of  27,000  people  is  threatened,  and  yet  no 
adequate  interest  is  aroused  and  no  means  are  taken  to  prevent  the 
danger. 

The  plea  has  been  made  that  it  is  a  necessary  evil.  The  recent  epi- 
demic of  typhoid  fever  at  Butler,  Pa.,  was  due  to  just  as  "necessary" 
an  evil,  but  that  outbreak  not  only  made  the  so-called  necessity  appear 
diminutive  but  made  the  neglect  of  such  conditions  seem  criminal. 
It  is  not  inferred  that  the  same  disease  will  follow  the  contamination 
of  water  through  oil  and  brine,  but  it  is  inferred  and  emphasized  that 
the  discomfort  and  expense  attending  such  contamination  and  the  con- 
sequent lack  of  pure  water  may  result  in  evils  quite  as  great. 

It  is  not  sufficient  to  begin  a  study  of  remedies  after  mischief  has 
been  done.  If  even  the  probability  of  pollution  of  city  water  is 
proved,  prompt  means  should  be  taken  to  prevent  such  pollution. 
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SUPPLEMENTARY  NOTE. 


By  Marshall  Ora  Leighton. 


To  carry  oil-well  wastes  as  directly  as  possible  into  running  streams 
of  water  in  accordance  with  the  plan  recommended  in  the  preceding 
pages  for  the  relief  of  ground- water  supplies  from  pollution  by  oil  and 
brine  involves  the  direct  pollution  of  the  streams  to  an  extent  even 
greater  than  they  are  now  contaminated  in  the  oil  fields.  The  ques- 
tion immediately  presented  is  whether  it  is  better  from  an  economic 
standpoint  to  preserve  local  ground  waters  at  the  expense  of  surface 
waters  which  in  flowing  downstream  affect  wide  areas,  or  to  conserve 
the  interests  of  many  riparian  owners  below  and,  so  far  as  may  be  pos- 
sible, to  retain  these  wastes  in  the  immediate  localities  from  which  they 
are  derived.  It  may  be  argued  that  any  locality  in  which  oil  wells  aVe 
developed  has,  by  reason  of  that  development,  such  extraordinary 
ecomonic  advantages  that  it  may  well  aflford  to  suffer  for  any  incidental 
loss  which  may  arise  from  waste  oil  and  brine.  And  is  not  the 
pecuniary  advantage  which  follows  the  discovery  of  oil  entirely  com- 
pensatory for  the  loss  of  water  resources?  On  the  other  hand,  if  the 
polluting  matter  is  turned  into  the  streams  it  destroys  the  value  of 
water  to  lower  riparian  owners,  who  at  common  law  have  a  right  to 
that  water  in  its  purest  natuml  state.  The  result  of  such  procedure 
would  be  to  relieve  the  fortunate  oil  region  from  an  unfavorable 
feature  which  it  is  amply  able  to  bear — in  other  words,  to  enable 
it  further  to  enrich  itself  at  the  expense  of  districts  that  are  unaided 
by  the  presence  of  oil  deposits.  Yet  with  reference  to  the  other  side  of 
the  question,  it  may  be  said  that  if  all  possible  precautions  were  taken  to 
hold  oil  and  brine  waters  within  the  oil  regions  there  would  still  be  a 
pollution  of  rivers  nearly  if  not  quite  as  complete  as  would  arise  from 
carrying  out  the  plan  suggested  by  Mr.  Bowman.  There  is  no  doubt 
that  where  oil  deposits  are  developed  stream  pollution  is  inevitable. 
The  rain  which  falls  upon  the  earth  will  carry  with  it  oil  and  brine 
which  it  encounters  on  the  earth's  surface.  In  addition  to  this,  the 
percolating  wAter  will  reach  the  lowest  level,  and  whether  this  water 
be  rain  or  oil  and  brine  the  streams  will  still  be  polluted. 
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On  the  other  hand,  the  people  living  in  the  oil  regions  must  have 
sweet  water  for  domestic  purposes.  This  is  a  necessity  which  tran- 
scends all  other  economic  demands.  As  shown  in  Mr.  Bowman's  dis- 
cussion, the  rivers  in  the  Marion  region  are  already  unavailable  as 
sources  of  pure  water  supply,  and  the  only  supply  remaining  is  ground 
water.  Therefore,  as  we  can  not  save  the  stream  and  can  save  the 
ground  water,  there  appears  to  be  no  question  concerning  the  wisdom 
of  accomplishing  the  latter  end.  Stream  pollution  in  this  case,  as  in 
certain  others,  is  a  part  of  the  price  paid  for  the  accumulation  of 
natural  wealth.  It  can  be  considered  an  inevitable  loss  with  equa- 
nimity, as  it  is  only  a  temporary  loss.  Oil  fields  in  time  become  ex- 
hausted and  in  due  season  the  rivers  will  regain  their  pure  condition. 
It  would  require  an  incomparably  longer  time  to  redeem  an  oil  and 
brine  besodden  earth. 

All  things  considered,  the  recommendations  set  forth  in  the  fore- 
going paper  seem  to  be  the  wisest  and  most  expedient  that  present 
themselves  at  the  present  time. 
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LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 
United  States  Geological  Survey, 
Hydrogbaphic  Branch, 
Washington,  D.  C.^May  11, 190^. 
Sir:  I  have  the  honor  to  transmit  herewith  a  manuscript  entitled 
"Underground  Waters  in  Eastern  United  States,"  which  I  would 
recommend  to  be  published  in  the  series  of  Water  Supply  and  Irri- 
gation Papers. 

The  aim  of  the  paper  is  to  present  a  brief  summary  of  the  under- 
ground water  conditions  in  the  States  east  of  the  Mississippi  and  in 
those  States  bordering  that  river  on  the  west.  It  is  prepared  to  meet 
the  demand  of  drillers  and  others  for  general  information  relating  to 
the  broader  features  of  the  occurrence  of  underground  waters  in  the 
various  States  or  districts. 

The  report  includes  papers  by  twenty  geologists  and  embraces  dis- 
cussions of  the  conditions  in  each  State  and  of  the  general  occurrence 
of  underground  waters  as  a  whole. 

Very  respectfully,  F.  H.  Newell, 

Chief  Engvneer. 
Hon.  Charles  D.  Waloott, 

Director  United  States  Geological  Survey, 
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UNDERGROUND  WATERS  OF  EASTERN  UNITED 

STATES. 


M.  L.  Fuller, 

Geologist  in  charge. 


INTRODUCTION. 
By  M,  L.  Fuller. 

The  present  paper  is  a  brief  summary  of  the  underground  water 
conditions  in  eastern  United  States,  prepared  to  meet  the  demands  of 
drillers  and  others  for  information  relating  to  the  general  water 
resources  of  the  various  States  or  of  specified  regions. 

The  detail  with  which  the  several  regions  or  subjects  are  discussed 
depends  mainly  on  their  relative  importance,  although  because  of  the 
greater  amount  of  work  done  in  certain  localities,  or  on  certain  prob- 
lems, it  is  possible  to  make  more  complete  and  definite  statements  in 
regard  to  the  underground  water  supplies  in  some  regions  than  in 
others.  The  included  reports  have  been  prepared  by  a  number  of 
geologists,  each,  in  general,  having  charge  of  the  investigations  in  a 
particular  State  or  group  of  States.  Because  of  the  number  of  con- 
tributors there  is  necessarily  considerable  variation  in  the  manner  of 
treatment  of  the  subject,  but  in  most  cases  the  same  general  plan  has 
been  followed. 

In  preparing  the  paper  simplicity  of  treatment  has  been  kept  in 
mind,  and  elaborate  geologic  discussions  have  been  omitted.  Wher- 
ever possible  maps  have  been  given  in  preference  to  long  and  possibly 
obscure  discussions.  In  some  instances,  however,  it  has  been  neces- 
sary to  describe  the  various  water-bearing  formations  under  their 
geologic  names.  Where  this  has  been  necessary  the  aim  has  been  to 
employ  those  terms  which  are  oldest  and  best  known  to  the  people  of 
the  States  to  which  the  discussion  relates. 

For  the  puipose  of  presenting  in  a  simple  manner  a  few  of  the 
more  important  features  relating  to  the  nature  and  occurrence  of  sub- 
terranean waters  and  of  making  more  intelligible  the  descriptions  of 
the  conditions  in  the  various  States,  there  is  given  a  short  paper  on 
the  general  occurrence  of  underground  waters. 
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OCCURRENCE  OF  UNDERGROUND  WATERS. 


By  M.  L.  Fuller. 


SOURCES  OF  GROUND  WATER. 

In  general  those  who  have  written  on  underground  waters  have 
stated  that  rainfall  is  the  only  source  of  underground  waters.  In 
reality,  however,  while  rainfall  probably  contributes  at  least  99  per 
cent  to  the  total  subterranean  water,  there  are  several  other  possible 
sources  of  such  water. 

It  is  a  well-known  fact  that  in  coral  and  other  islands  of  porous 
material,  such  as  sand  and  gravel,  especially  where  the  rainfall  is  light, 
the  sea  water  penetrates  through  the  pores  of  the  rock  for  a  consid- 
erable distance  inland.  Where  the  rainfall  is  heavy  the  salt  water 
may  be  displaced  to  some  depth  by  fresh  water,  but  the  downward 
penetration  of  the  fresh  water  must  be  necessarily  limited.  In  other 
instances  sea  water  is  known  to  penetrate  along  solution  passages  or 
caverns  into  the  interior  of  limestones,  and  at  Cephalonia,  in  Greece, 
a  stream  of  salt  water  leaves  the  sea  and,  passing  inland,  finally  disap- 
pears into  porous  limestones. 

By  far  the  larger  portion  of  the  sedimentary  deposits,  including 
sandstones,  shales,  limestones,  etc.,  were  originally  laid  down  along 
the  borders  or  beneath  the  surface  of  the  ocean  and  were,  of  course, 
originally  saturated  with  salt  water.  It  is  probable  that  this  water 
was  often  retained  in  the  materials  when  they  became  consolidated 
into  rocks,  and  is  represented  by  the  salt  water  now  found  at  great 
depths  in  many  of  the  wells  drilled  for  oil  and  gas,  in  which  it  is  not 
uncommon  to  encounter,  after  passing  through  many  hundred  feet  of 
entirely  dry  rock,  porous  beds  filled  with  salt  water,  possibly  accom- 
panied by  gas  and  oil.  It  is  claimed  by  others,  however,  that  the  salt 
waters  are  not  originally  included  portions  of  the  sea,  but  are  surface 
waters  which  have  become  charged  with  mineral  matter  which  they 
have  dissolved  in  the  course  of  their  passage  through  the  rock. 

Practically  all  volcanic  rocks  contain  water  when  they  are  erupted 
at  the  surface  and  all  eruptions  are  accompanied  by  discharges  of  large 
amounts  of  steam.  The  occurrence  of  this  water  has  been  accounted 
for  in  several  ways.  It  may  have  been  originally  included  in  the  rocks 
which  were  melted  to  form  the  lava,  or  it  may  represent  water  which 
18 
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has  penetrated  downward  through  fissures  and  come  in  contact  with 
the  molten  lava  on  its  way  to  the  surface. 

AMOUNT  OF  RAINFALL. 

The  rainfall  in  the  eastern  United  States  is  abundant,  and  although 
only  a  portion  of  it  is  absorbed  by  the  earth  and  becomes  a  part  of  the 
subterranean  stores,  the  amount  is  sufficient  to  furnish  ample  under- 


Fio.  1.— Rainfall  map  of  eastern  United  States.    Figures  represent  inches  of  annual  rainfall. 

ground  supplies  for  a  large  proportion  of  the  inhabitants.  The  aver- 
age rainfall  varies  from  20  to  nearly  70  inches,  the  lowest  being  in  the 
extreme  northwestern  portion  of  Minnesota.  Rain  to  a  depth  of  over 
60  inches  a  year  falls  on  the  Mississippi  delta  below  New  Orleans  and 
along  the  Gulf  coast  from  near  Mobile,  Ala.,  to  Tallahassee,  Fla. 
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Similar  amounts  fall  in  the  higher  mountains  of  western  North  Caro- 
lina and  eastern  Tennessee,  along  the  coast  of  North  Carolina,  and  in 
the  Adirondack  and  White  mountains.  In  the  Gulf  and  South  Atlantic 
States  the  rainfall  is  between  50  and  60  inches;  in  the  New  England, 
Central  Atlantic,  and  Ohio  River  States,  between  40  and  50  inches;  in 
the  Upper  Mississippi  and  Great  Lakes  States,  from  30  to  40  inches, 
while  in  northwestern  Iowa  and  most  of  Minnesota  the  rainfall  is  only 
from  20  to  30  inches. 

DISPOSAL  OF  RAINFALL. 

The  rainfall  is  removed  from  the  surface  principally  in  three  ways: 
(1)  By  evaporation;  (2)  by.  run-off  through  the  streams,  and  (3)  by 
absoiption  into  rocks  and  unconsolidated  deposits. 

Evaporation. — Evaporation,  although  far  less  conspicuous  than  the 
other  methods  of  removal  of  the  water,  is,  nevertheless,  one  of  the 
most  important.  The  amount  evaporated  depends  on  the  temperature 
and  the  relative  dryness  of  the  air,  and  commonly  amounts  to  one-half 
or  more  of  the  total  water  falling  as  rain.  Locally,  evaporation  is 
dependent  to  a  considerable  extent  on  the  density  of  the  vegetation, 
but  when  broad  areas  are  considered  the  amount  of  vegetation  has  a 
less  conspicuous  effect  on  the  total  evaporation. 

Run-off. — The  amount  of  nm-off  is  dependent  partly  on  evaporation 
and  partly  on  the  nature  of  the  materials  on  which  the  rain  falls.  The 
propoilion  of  run-off  or  discharge  to  the  total  rainfall  is  indicated  for 
the  Mississippi  and  its  tributaries  in  the  following  table  :^ 

Proportion  of  run-off  to  rainfall  in  Mississippi  basin. 

Per  cent 

Ohio 24 

Missouri 15 

Upper  Mississippi 24 

Small  tributaries 16 

•  Arkansas  and  White 16 

Rod 20 

Yazoo 90 

St.  Francis 90 

Entire  Mississippi  system 25 

The  run-off  of  streams  in  New  England  is  considembly  greater. 
With  a  rainfall  which  averages  from  40  to  50  inches  the  run-off  of  a 
number  of  streams  is  as  follows: 

Proportion  of  rainfaU  to  runroff  in  New  England. 

Inches. 

Kennebec 22. 4 

Androscogg:in 24. 2 

Merrimac 21. 3 

Ahaorption. — The  rainfall  that  is  not  removed  by  evaporation  or  by 
the  surface  streams  is  absorbed  by  the  soil  or  rocks  with  which  it 
comes  into  contact,  either  directly  or  after  being  gathered  into  streams. 

a  Humphreys  and  Abbot,  Phys.  and  Hydrol.  of  MiasiaBippi  River,  Washington,  1361,  p.  186. 
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A.     SINK-HOLE  CONNECTION   WITH   UNDERGROUND   DRAINAGE  SYSTEM. 


H      UNDERGROUND  CHANNEL. 
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Absorption  takes  place  both  directly  and  indirectly.  In  the  case  of 
direct  absorption  the  i*ain  falls  upon  the  surface  of  the  rock  and  the 
water  is  absorbed  either  by  its  pores  or  by  the  fissures  or  cavities 
which  it  may  contain.  In  indirect  absorption  the  water  is  first  directly 
absorbed  into  loose  unconsolidated  deposits  overlying  the  solid  rocks, 
or  is  gathered  into  streams  flowing  over  their  surfaces.  In  those 
cases  where  the  rocks  are  directly  exposed  to  the  rainfall  the  water 
which  is  not  immediately  absorbed  runs  oflf  and  either  enters  loose 
materials  or  is  gathered  into  the  streams  as  indicated.  The  unconsoli- 
dated materials  soon  become  saturated  to  a  certain  level,  and  the  rocks 
upon  which  they  lie  are  in  this  way  kept  constantly  in  contact  with 
the  water,  which  is  continually  absorbed. 

In  the  case  of  the  water  entering  the  sands  and  gravels  the  direc- 
tion of  the  movement  is  generally  toward  the  river  rather  than  away 
from  it,  but  in  arid  regions,  where  the  rainfall  is  slight,  waters  are 
often  absorbed  by  the  gravels  from  the  streams  which  have  come  from 
regions  of  greater  rainfall.  The  relative  amount  of  water  indirectly 
absorbed  by  the  rocks  is  far  greater  than  that  directly  received  through 
rainfall. 

PERMEABIIilTY  ANB  STORAGE  CAPACITY  OF  ROCKS. 

Methods  of  absorption. — ^The  amount  of  water  which  enters  the 
rocks  or  other  materials  by  direct  absorption  varies  greatly  with  the 
nature  of  the  materials.     The  amount  absorbed  by  the  porous  beds  of 


Fig.  2.~Absorptiye  condltionB  of  outcrop. 

sands  and  gravels  that  occur  along  stream  valleys  and  along  lake 
shores  and  the  coast  is  very  large.  In  some  regions,  as  in  portions  of 
Cape  Cod  and  Long  Island,  there  are  practically  no  surface  streams, 
the  water  being  absorbed  by  the  soil  as  soon  as  it  falls  and  carried 
to  the  sea  by  underground  drainage. 

Next  to  unconsolidated  deposits,  the  rocks  which  present  the  condi- 
tions most  favorable  for  direct  absorption  are  the  sandstones  and  cer- 
tain of  the  porous  limestones.  In  the  case  of  the  granites,  slates,  and 
other  massive  rocks  the  direct  absorption  is  very  slight. 

Besides  the  character  of  the  material,  the  amount  of  absorption 
depends  very  largely  upon  the  inclination  of  the  porous  beds,  the 
amount  being  much  greater  in  the  gently  inclined  beds  than  in  those 
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having  steep  dips.  Thus  in  fig.  8  the  two  beds  represented  as  out- 
cropping on  a  level  surface  present  widely  different  absorptive  condi- 
tions owing  to  the  difference  in  area  of  their  absorptive  surfaces,  the 
exposed  surface  of  the  gently  sloping  bed  (a' — b')  being  several  times 
greater  than  that  of  the  highly  inclined  bed  {a — 5). 


Fiu.  3.— Relation  of  areaa  of  ontcrop  to  dip. 

Bedding  pinnes. — Bedding  planes  are  the  surfaces  separating  beds 
of  stratified  rock.  Where  the  character  of  the  rock  changes,  as  it 
frequently  does  along  these  bedding  planes,  the  conditions  are  generally 
very  much  more  favorable  for  the  passage  of  water  than  elsewhere  in 
the  rock.  The  same  is  true  in  igneous  rocks  where  two  types  of  rock 
come  together. 

Solution  ca/vems. — In  a  few  instances  waters  enter  the  ground  as 
definite  streams  through  caverns  or  other  passages  formed  by  the 
solution  of  limestone  and  other  similar  rock.  One  of  the  most  com- 
mom  methods  by  which  water  enters  the  limestones  is  by  means  of 
the  depressions  known  as  sink  holes.  These  sinks  are  due  to  the  caving 
in  of  underground  caverns  which  have  previously  l)een  formed  by 
underground  streams.  A  connection  is  frequently  maintained  through 
these  sinks  between  the  surface  and  the  underground  channels,  and 
the  waters  falling  on  the  surface  flow  into  them  and  pass  downward  to 
join  the  underground  supplies.  PL  I,  A^  shows  such  a  sink,  while 
PI.  I,  Bj  shows  an  underground  channel  in  soluble  rock. 

Faults. — A  fault  is  a  plane  or  fracture  which  cuts  the  rocks  and 
along  which  movement  has  taken  place,  resulting  in  the  displacement 


^ 


^ 


*  "^    c 

Fio.  4.— Common  types  of  faults. 


with  relation  to  one  another  of  the  rocks  on  the  opposite  sides.  Some- 
times the  fault  consists  of  a  single  plane,  with  solid  walls  on  either 
side,  as  indicated  in  fig.  4,  a,  but  in  many  cases  there  are  really  a  num- 
ber of  parallel  planes,  very  close  together,  along  which  slipping  has 
taken  place.  In  such  instances  the  rock  on  either  side  has  the  sheety 
appearance  indicated  in  the  cross  section,  fig.  4,  h.  In  other  cases  the 
rocks  on  either  side  of  the  fault  plane  are  completely  crushed  and  the 
fragments  more  or  less  disturbed  with  relation  to  one  another.  In 
still  other  cases  the  fractures  are  irregular,  and  the  movement  of  the 
rocks  has  been  such  that  projecting  points  come  opposite  one  another, 
leaving  intervening  cavities,  as  shown  in  fig.  4,  c. 
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A      OUTCROP  CUT   BY  JOINT  OPENINGS. 


J{.     CLEAVAGE    IN   SLATE. 
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The  conditions  for  the  passage  of  water  are  least  favorable  in  the 
case  of  a  single  definite  fault  plane.  In  the  sheeted  type  of  faulting 
the  conditions  are  somewhat  more  favorable,  as  there  are  more  sur- 
faces along  which  the  water  can  penetrate.  Along  the  crushed  zones 
the  open  spaces  are  frequently  very  considerable  and  permit  the 
passage  of  large  amounts  of  water.  In  the  case  of  an  irregular  fault 
plane,  as  in  fig.  4,  d^  the  conditions  are  less  constant,  but  in  general  such 
a  fault  will  permit  of  the  passage  of  considerable  amounts  of  water. 

Joints. — Joints  are  smooth  fracture  planes  cutting  the  rock  in  vari- 
ous directions.  They  diflfer  from  the  faults  in  that  there  has  been 
practically  no  motion  of  the  rocks  bordering  the  plane.  They  there- 
fore cori'espond  most  nearly  to  the  single  fault  plane  described  above, 
•  nd  likewise  present  relatively  unfavorable  conditions  for  the  passage 
of  large  amounts  of  water.  At  the  same  time  water  in  moderate 
amounts  very  frequently  passes  along  such  planes,  especially  along 
the  line  of  intersection  of  two  or  more  planes.  PI.  II,  A^  illustrates 
an  outcrop  of  a  rock  ledge  cut  by  joints  in  two  directions  and  presents 
conditions  favorable  to  the  absorption  and  downward  passage  of  water. 

Clea/vage. — Cleavage  is  the  name  applied  to  the  minor  planes  cutting 
iie  rock.  Unlike  the  joints  they  usually  run  in  only  one  direction, 
and  are  frequently  not  actual  fractures,  but  are  simply  lines  along 
which  the  rock  would  tend  to  split  under  favorable  conditions.  Cleav- 
age is  best  devoloped  in  fine-grained  compact  rocks  of  which  the  well- 
known  roofing  slate  is  the  best  example.  PI.  II,  B^  shows  a  number  of 
these  cleavage  planes  in  a  ledge  of  this  material.  Cleavage  does  not 
afford  as  ready  a  passage  for  the  water  as  the  other  features  described. 

Foliatian  and  sehiatosity, — Foliation  and  schistosity  are  features 
due  to  the  occurrence  of  the  minerals  of  the  rock  in  thin  plate-like 
crystals  parallel  to  one  another.  The  arrangement  is  such  that  in 
many  instances  water  passes  with  some  readiness  into  the  rock  along 
the  planes  formed  by  layers  or  laminae  of  these  crystals. 

Porosity. — Porosity  is  the  term  given  to  designate  the  amount  of 
pores  or  open  spaces  between  the  particles  of  which  the  rock  is  made 
up.  In  a  general  way  porosity  is  determined  by  the  amount  of  water 
which  the  rock  is  capable  of  absorbing.  The  amount  varies  greatly, 
being  least  in  the  compact  igneous  rocks  and  greatest  in  sandstones 
and  loose  sand.  In  the  following  table  are  given  the  amounts  of  water 
which  a  cubic  foot  of  sand  and  some  common  rocks  will  absorb: 


Material. 

Water  ab- 
sorbed per 
cnWc  foot. 

Material. 

Water  ab- 
sorbed per 
cubic  foot. 

^nd 

10 
2-6 

4 

Dolomite 

Q^arU. 
1-10 

Chalk 

s 

aasic  sandstone 

Granite        - ...... 

T*W 

:  renton  limestone 
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PL  III  shows  the  appearance  of  two  sandstone  fragments  under  the 
microscope.  The  black  portions  in  these  sections  represent  what  were 
originally  open  spaces  between  the  grains. 

OCCURRENCE  AXI>  AMOUNT  OF  GROUND  WATER, 

Occurrence, — The  underground  water  which  has  been  derived  in  the 
various  ways  outlined  above  occurs  in  the  rocks  under  a  variety  of 
conditions.  A  part  occupies  the  spaces  along  the  bedding,  fault,  joint, 
and -cleavage  planes  and  a  part  occurs  in  the  solution  channels  and 
caverns  dissolved  in  the  soluble  rocks.  The  various  fracture  planes 
indicated,  while  very  numerous  in  the  aggregate,  nevertheless  com- 
prise but  a  very  small  proportion  of  the  open  spaces  within  the  rock, 
as  they  are  limited  to  plane  surfaces.  The  pores,  or  spaces  between 
the  particles  which  make  up  the  rocks,  are,  on  the  contrary,  every- 
where present  throughout  the  entire  mass  and  constitute  by  far  the 
larger  proportion  of  the  open  space  in  the  rock. 

Amount, — In  geneml,  it  is  necessary  only  to  penetrate  a  few  feet  of 
strata  to  reach  a  zone  saturated  with  water,  the  depth  depending  upon 
the  amount  of  precipitation,  being  least  in  regions  of  much  rainfall 
and  greatest  in  arid  regions. 

The  downward  limit  of  penetration  of  the  water  is  dependent  upon 
a  variety  of  causes.  It  is  frequently  assumed  that  all  rocks  are  satu- 
I'ated  to  great  depths,  the  limit  to  w^hich  the  water  will  penetrate  being 
assumed  to  be  that  point  at  which  the  weight  of  the  rock  becomes  so 
enormous  that  pores  between  the  particles  can  not  exist.  This  limit 
has  been  placed  at  about  6  miles.  Practical  experience  in  well  drilling, 
however,  shows  that  the  assumption  that  all  rocks  are  saturated  below 
a  moderate  depth  is  far  from  being  substantiated.  In  the  Pennsylvania 
and  New  York  oil  regions,  for  instance,  it  is  a  very  common  experi- 
ence to  encounter,  at  a  depth  often  of  only  a  few  hundred  feet,  rocks 
which  are  practically  destitute  of  water.  These  include  coarse-grained 
open  sandstones,  capable  of  holding  large  amounts,  yet  as  far  as  can 
be  determined  they  are  absolutely  dry,  it  being  necessary  in  many 
instances  to  pour  in  from  the  top  the  water  necessary  for  the  process 
of  drilling.  In  some  instances  after  passing  through  these  water-free 
rocks  salt  waters  are  encountered,  but  it  is  very  rarely  the  case  that 
fresh  waters  are  found  below  the  dry  series.  In  some  instances  wells 
have  been  drilled  several  thousand  feet  without  encountering  any 
water  whatever  below  the  first  few  hundred  feet.  Although  the  rocks 
are  far  from  being  saturated,  slight  amounts  of  moisture  are  doubt- 
less held  in  the  pores. 

Notwithstanding  the  fact  that  the  depths  to  which  the  waters  pene- 
trate in  quantities  are  probably  much  less  than  is  frequently  assumed, 
there  is,  nevertheless,  an  enormous  amount  of  ground  water.  It  has 
been  estimated  that  the  average  pore  space  of  the  surface  rocks  is 
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about  10  per  cent  of  their  volume,  but  5  per  cent  will  probably  be 
found  to  be  more  nearly  correct 

WATKR-BEARING  FORMATIONS. 

All  rocks  contain  more  or  less  water  which,  as  pointed  out,  occupies 
either  cavities  in  the  rock  or  occurs  between  the  minute  pores.  The 
water  which  occurs  in  the  pores  is  given  up  readily  only  in  the  coarser 
rocks,  such  as  sandstones,  the  fine-grained  rocks  yielding  very  little 
of  such  water  when  penetrated  by  the  drill.  In  these  rocks,  the  water, 
when  found,  usually  comes  from  the  joint,  fault,  or  foliation  planes. 
The  conditions  of  the  occurrence  of  water  in  the  various  rocks  are 
very  variable  and  are  described  in  the  following  pages. 

Sand  and  gravel. — Sands  and  gravels  are  very  porous,  30  per  cent 
of  their  volume  frequently  being  made  up  of  free  space  between  the 
grains.  In  such  materials  the  whole  mass  is  saturated  with  water 
below  the  water  level,  and  when  penetrated  by  wells  copious  supplies 
are  quickly  yielded.  The  waters  are  generally  of  good  quality,  but  are 
sometimes  somewhat  mineralized,  the  material  being  derived  from  the 
more  soluble  fragments  and  particles  which  constitute  the  deposits. 

In  passing  downward  through  the  sands  surface  waters  are  sub- 
jected to  natural  filtration,  especially  in  the  finer  varieties,  and  the 
substances  with  which  they  may  have  originally  been  polluted  are  f re- 
quentl}'  removed.  In  the  coarser  types  of  sand,  and  in  gravel,  the 
water  passes  downward  more  rapidly,  the  conditions  are  less  favomble 
for  filtration,  and  the  waters  may  remain  polluted.  In  general,  how- 
ever, waters  from  sand  and  gravels,  if  taken  from  a  considerable  dis- 
tance below  the  surface,  are  safe  to  use. 

In  the  sands  and  finer  gravels  the  cheapest  and  best  method  of 
obtaining  water  is  by  driven  wells,  which  can  be  sunk  quickly  and  at  a 
very  slight  cost.  In  the  very  fine  sands  or  quicksands,  however,  it  is 
very  difficult  to  exclude  the  material  from  the  pipes,  the  quicksand 
frequently  penetrating  the  well  and  clogging  the  pipe  or  ruining  the 
pump.  Because  of  the  readiness  with  which  sands  and  gravels  yield 
their  water,  wells  located  close  together  frequently  affect  one  another, 
the  lower  well  or  the  wells  which  draw  from  the  sand  at  the  lowest 
points  drawing  the  water  from  the  higher  wells.  The  readiness  of 
movement  of  the  water  is  also  the  cause  of  important  fluctuations  of 
level  of  the  surface  of  the  saturated  zone,  the  water  level  often  falling 
rapidly  after  wet  seasons.  To  secure  permanent  supplies  the  wells 
should  penetrate  to  the  level  which  the  water  surface  occupies  in  the 
driest  seasons. 

Cluy. — Clay  is  very  impervious  to  water,  and  in  itself  contains  little 
or  none  which  can  be  utilized  as  a  source  of  supply.  Water,  how- 
ever, is  frequently  reported  in  clays,  but  usually  comes  from  more 
or  less  sandy  layers.     In  some  cases  sand  which  approaches  clay  in 


Digitized  by  VjOOQIC 


26         UNDEBGBOUND  WATEE8,  BA8TEBN  UNITED  STATES.      [no.  U4. 

fineness,  and  which  is  sometimes  mistaken  for  clay,  yields  considerable 
amounts  of  water.  Clay  is  of  the  greatest  importance,  not  as  a  water- 
bearer  but  as  a  confining  layer  to  porous  sands,  from  which  it  pre- 
vents the  water  from  escaping.  The  waters  of  clays,  because  of  the 
fineness  of  the  material,  come  into  contact  with  relatively  large  amounts 
of  mineral  matter  and  frequently  become  mineralized,  lime  and  salt 
being  the  most  common  substances  dissolved.  The  waters  of  clays 
are,  as  a  rule,  free  from  contamination.  When,  because  of  the  absence 
of  other  sources,  it  is  necessary  to  obtain  supplies  from  clay,  a  well 
should  be  sunk  with  as  large  a  diameter  as  possible  and  continued 
beneath  the  point  at  which  the  water  is  obtained  to  a  sufficient  depth 
to  furnish  ample  storage  capacity,  as  clay  waters  are  slight  in  amount 
and  are  yielded  very  slowly.  Dug  wells  are  usually  most  satisfactory 
where  the  clay  is  near  the  surface,  but  such  wells  should  be  carefully 
covered  and  guarded  from  all  sources  of  pollution  (see  fig.  5). 

Till. — Till  is  a  heterogeneous  mixture  of  clay,  sand,  gravel,  and 
bowlders,  deposited  by  glaciers  in  the  northern  portion  of  the  coun- 
try.    In  texture  it  varies  from 
porous  to  impervious  according 


Water 


level 

to  whether  sand  or  clay  predom- 
inates. It  is  seldom  definitely 
bedded.    The  water  generally  oc- 

Pio.  5.-Relative  size  and  storage  capacity  of  dug    ^^^^  \^  ^^^\\  ^j^^e  Or  lesS  tubular 
and  drilled  wells.  ,  .      ,        .      i . 

channels  a  few  inches  m  diameter, 
but  ocoiisionally  is  distributed  through  interstratified  sandy  beds. 

In  the  aggregate  the  till  yields  a  large  amount  of  water,  being  the 
source  of  supply  in  the  rural  districts  at  a  great  number  of  points 
throughout  the  entire  northern  portion  of  the  country.  Because  of 
the  occurrence  of  the  water  in  definite  channels,  however,  the  success 
of  wells  varies  greatly.  In  general,  wells  of  large  diameter,  similar 
to  those  described  in  the  preceding  paragraph,  give  the  best  success. 
Fig.  5  represents  two  wells  of  the  same  depth,  one  of  the  dug  type 
and  one  of  the  bored  type.  It  will  be  seen  that  in  the  well  of  the 
dug  type  not  only  is  a  larger  amount  of  material  encountered  in  cross 
section,  but  that  the  area  of  surface  from  which  water  can  enter  is 
many  times  greater  than  in  the  well  of  the  bored  type.  The  open 
well  also  presents  larger  storage  possibilities,  it  being  thus  possible 
to  utilize  small  supplies,  which  would  be  insufficient  in  the  case  of  the 
bored  well. 

The  water  of  the  till  is  generally  uncontaminated  because  in  its 
downward  penetration  through  the  clay  of  which  the  till  is  in  part 
composed  it  is  subjected  to  natural  filtration.  If  the  water  becomes 
polluted,  however,  it  may  retain  its  dangerous  character  for  a  long 
period  of  time  and  for  considerable  distances. 
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Sandstone^  conglomerate^  and  quartzite, — Sandstone  is  on  the  whole 
the  beat  water-bearer  of  the  solid  rocks.  Under  the  most  favorable 
conditions  the  rock  is  saturated  throughout  its  extent  below  the  regular 
ground-water  level,  and  water  is  yielded  wherever  the  sandstone  is 
struck  by  the  drill  within  these  limits.  The  water  is  yielded  freely  as 
a  rule,  although  in  some  of  the  finer-grained  sandstones  it  flows  less 
readily.  In  quality  the  water  averages  better  than  in  any  other  mate- 
rial except  sand  and  gravels.  It  is  almost  never  polluted,  and  wells 
can  generally  be  safely  used  if  they  are  cased  to  keep  out  the  surface 
waters.  The  drilled  type  of  well  is  utilized  except-where  the  sand- 
stone is  very  near  the  surface. 

Conglomerates  sometimes  furnish  considerable  water  supplies, 
although  as  a  rule  their  absorptive  powers  are  not  so  great  as  those 
of  sandstones,  and  they  are  much  less  frequently  encountered. 
Quartzite  is  a  sandstone  in  which  the  spaces  between  the  grains  have 
been  filled  by  hard,  siliceous  matter.  Because  of  the  filling  of  the 
pores  by  this  material  there  is  relatively  little  chance  for  the  water  to 
enter,  and  the  rocks  are  not  commonly  an  important  source  of  water. 

Slate. — Slate,  like  clay,  is  a  poor  water  bearer,  but  may  yield  water 
from  bedding,  joint,  cleavage  planes,  etc.  Its  most  impoiiant  use, 
however,  is  as  a  confining  layer  to  prevent  the  escape  of  water  from 
porous  sandstones  which  may  be  interbedded  with  it.  The  waters  are 
reached  by  deep  wells  and  are  generally  uncontaminated. 

Limestone, — ^The  waters  of  limestone  occur  mainly  in  open  channels, 
caverns,  etc,  dissolved  in  the  rock  by  the  water  itself.  The  water 
originally  probably  followed  joint  or  bedding  planes,  which  were 
gradually  enlarged  by  solution  into  the  caverns  which  we  now  find. 


Pig.  6.— Difference  in  conditions  of  adjacent  wells  in  limestone. 

The  occurrence  of  caverns  and  passages  within  the  limestone  is  very 
irregular  and  their  location  can  seldom  be  predicted.  Most  deep 
wells,  however,  which  are  drilled  in  limestone  regions  encounter  one 
or  more  such  passages  at  a  relatively  slight  depth  from  the  surface. 
Wells,  even  where  only  a  few  feet  apart,  nevertheless  often  obtain 
very  different  results,  as  a  difference  of  a  foot  or  two  frequently 
means  the  missing  of  a  certain  channel,  as  indicated  in  fig.  6.  The 
waters  are  generally  hard,  but  are  not  commonly  otherwise  minei-al- 
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ized.  There  is,  however,  a  considerable  likelihood  of  pollution,  due 
to  the  fact  that  much  of  the  waters  of  the  underground  streams  in  the 
limestone  have  found  their  way  downward  through  sink  holes^  carry- 
ing with  them  more  or  less  surface  wash  (see  PI.  I,  A). 

Qranite^  gneiss^  and  schist. — The  granites  and  gneisses  are  very  dense 
and  possess  very  small  pore  spaces,  and  the  body  of  these  rocks  hold 
very  little  water.     In  schists,  however,  considerable  water  often  pene- 


Fio.  7.—Well  in  jointed  rock. 

trates  along  the  foliation  planes  and  is  held  by  the  rock,  but  such  water 
is  given  up  very  slowly  and  is  not  of  importance  as  a  source  of  supply. 
It  is  along  the  joints  that  the  largest  supplies  are  obtained.  These 
joints  are  most  common  near  the  surface  and  diminish  in  number  and 
in  definiteness  as  depth  increases.  For  this  reason  the  water  supplies, 
if  obtained  at  all,  are  generally  found  within  200  or  300  feet  of  the 
surface.  It  is  generally  useless  to  go  deeper  than  500  feet  for  waters 
in  these  crystalline  rocks,  although  in  some  instances,  as  at  Atlanta, 
water  supplies  have  been  o\)tained  at  depths  as  great  as  1,600  feet. 
The  joints  generally  occur  in  complex  S3^stems  of  intersecting  planes, 
and  it  is  possible  for  polluted  water  starting  very  near  the  mouth  of 
the  well  to  pass  in  a  zigzag  course  downward  along  the  joints,  finally 
reaching  the  well  at  a  depth  of  many  hundred  feet  (fig.  7),  as  was  the 
case  in  a  well  at  Atlanta,  Ga.,  which  finally  had  to  be  abandoned.  For 
this  reason  wells  drilled  in  igneous  rocks  in  cities  and  other  thickly 
populated  regions  are  liable  to  become  polluted.  Waters  from  such 
wells,  if  they  are  to  be  used  for  drinking  purposes,  should  be  tested 
occasionally  to  determine  the  possibility  of  pollution. 

TEMPERATURE  OF  UNDERGROUNB  WATERS. 

In  all  wells  there  is  a  certain  depth,  which  differs  in  different  locali- 
ties, at  which  there  is  practically  no  difference  in  the  temperature  of 
the  water  from  season  to  season  or  from  year  to  year.     This  is  known 
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as  Ihe  normal  temperature  of  the  water  for  a  given  region,  and  it 
agrees  very  closely  with  the  mean  annual  temperature  of  the  same 
locality.  The  depth  of  uniform  temperature  varies  somewhat  in  dif- 
ferent localities,  but  is  commonly  from  50  to  60  feet  below  the  surface. 
The  temperature  varies  from  about  40^  or  45^  in  New  England  to 
about  65°  or  70°  in  the  Gulf  States. 

Waters  occurring  nearer  to  the  surface  than  the  zone  of  uniform 
temperature  vary  in  temperature  according  to  season,  being  warmer 
than  the  normal  in  summer  months  and  colder  in  the  winter  months. 
The  temperature  of  waters  warmer  than  the  normal  may  also  be  due 
to  the  great  depth  from  which  the  waters  have  come. 

The  main  cause  of  rise  in  temperature  below  the  line  of  invariable 
temperature  is  the  internal  heat  of  the  earth.  This  internal  heat 
increases  rapidly  downward,  the  rate  of  increase  varying  from  1°  in 
30  feet  to  1°  in  100  feet,  the  average  increase  being  about  1°  to  50 
feet.  The  temperature  of  the  water  is  very  little  aflfected  in  passing 
through  the  upper  50  feet  of  its  course,  hence  its  temperature  is  a  fair 
indication  of  the  depth  from  which  it  is  derived. 

Besides  the  internal  heat  of  the  earth  the  heat  of  igneous  masses 
below  the  surface  of  the  earth  has  been  thought  to  give  rise  to  the  hot 
springs  of  many  localities,  and  in  some  instances  the  heat  evolved  by 
the  chemical  decay  of  rocks  has  been  cited  to  explain  the  temperature 
of  hot  springs. 

RKCOVERY  OF  UNDERGROUNI>  WATERS. 

Water  is  returned  to  the  surface  in  three  general  ways:  (1)  By 
seepage,  (2)  by  springs,  and  (3)  by  wells.  A  brief  discussion  of  each 
method  is  given  in  the  following  pages. 

SEEPAGE. 

Although  a  relatively  obscure  method,  seepage  is  of  great  importance 
in  returning  water  to  the  surface,  especially  in  sands  and  gravels. 
Seepage  water  does  not  occupy  definite  channels,  but  fills  the  pores 
between  the  component  grains  of  the  various  surface  or  other  deposits. 
It  emerges  at  the  surface  whenever  the  water  level  within  the  deposits 
becomes,  through  additions  from  rainfall,  etc.,  higher  than  that  of  the 
lowest  depressions  or  level  of  the  surface.  Sometimes,  as  on  the  south 
side  of  Long  Island  and  elsewhere,  the  waters  seep  out  from  the  sands 
over  extensive  areas  along  the  shores  a  few  feet  above  sea  level.  In 
such  places  the  water  frequently  does  not  gather  into  definite  chan- 
nels, but  forms  more  or  less  extensive  fresh  marshes,  and  gradually 
works  its  way  into  the  sea.  More  frequently,  however,  seepage  waters 
emerge  in  stream  channels  and  other  depressions.  In  some  cases 
the  water  enters  the  stream  at  or  just  above  the  surface,  but  in  most 
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instances  the  main  supply  enters  below  the  water  level  along  the  sides 
and  bottom  of  the  channel. 

The  distinction  between  seepage  and  springs  is  not  sharp.  The 
term  ''spring"  is  usually  limited  to  those  occurrences  where  the  water 
comes  out  at  a  definite  point,  or  at  least  emerges  from  a  restricted 
area,  but  water  that  often  appears  at  the  surface  as  general  seepage 
is  often  found,  on  excavating  at  its  point  of  emergence,  to  come  from  a 
definite  channel,  and  to  approach  a  true  spring  in  character. 

SPRINOS. 

Springs  are  not  only  exceedingly  numerous  throughout  large  por- 
tions of  the  eastern  United  States,  especially  in  the  more  rugged 
regions,  but  form  a  most  important  source  of  water  supply.  In  many 
of  the  hilly  districts  they  constitute,  in  fact,  almost  the  only  source  of 
domestic  supply.  In  general  they  are  free  from  pollution  and  not  too 
strongly  mineralized  for  ordinary  uses.  Mineral  springs,  however,  are 
not  uncommon,  and  are  much  used  for  medicinal  and  table  purposes, 
and  have  lead  to  the  development  of  sanitariums  and  many  large  and 
popular  pleasure  resorts. 


Fio.  8.— Lines  of  underflow  into  channel. 

Seepage  springs. — This  term  is  applied  when  the  water  seeps  out  of 
sand  or  gravel,  and  diflfers  from  general  seepage  only  in  that  it  is 
restricted  to  a  very  small  area.  Such  springs  are  usually  marked  by 
abundant  vegetation  at  points  of  emergence,  and  the  water  as  it  col- 
lects is  often  colored  or  carries  an  oily  scum  due  to  the  decomposi- 
tion of  vegetable  matter.  The  scum  is  often  mistaken  for  petroleum. 
Before  using  such  a  spring  the  vegetation  should  be  cleared  away  and  a 
small  reservoir  constructed,  or  tank  sunk  in  the  ground. 

The  waters  of  the  seepage  springs  usually  come  from  no  great  dis- 
tance beneath  the  surface  and  are  not  usually  very  cold.  Being  fed  .by 
waters  coming  from  near  the  surface  they  are  sometimes  likely  to 
become  polluted,  and  local  conditions  should  be  carefully  studied  before 
the  water  is  used  for  drinking. 

Seepage  springs  sometimes  emerge  along  the  top  of  an  underlying 
impervious  bed,  but  more  frequently  occur  where  valleys  are  cut  down- 
ward into  the  zone  of  saturation  of  a  more  or  less  uniform  water-bearing 
deposit,  or  where  the  water  table  comes  to  the  surface  near  a  stream, 
a  lake,  or  the  sea.  Under  favorable  conditions  the  seepage  from 
sands,  as  on  Long  Island,  gathers  into  channels  and  forms  streams  of 
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considerable  size,  some  of  them  flowing  5,000,000  gallons  or  more 
daily. 

Sjyrings  from  definite  undergrotind  channels. — In  this  group  is  em- 
braced a  great  variety  of  springs,  including  both  those  flowing  in  the 
small  more  or  less  tubular  passages  in  the  drift,  and  those  occupying 
large  solution  channels  or  caverns  in  the  soluble  rocks. 

The  channels  of  the  drift  springs  are  generally  established  along 
some  more  or  less  sandy  or  other  porous  layer,  or  even  in  places  along 
the  path  left  by  a  decaying  root.  At  first  the  motion  appears  to  be 
mainly  by  seepage,  but  in  many  instances  a  passageway  is  gradually 
opened  along  which  a  definite  stream  finds  its  way.  The  waters  reach 
the  channels  by  percolation  through  the  clan's  and  sands,  and  are 
usually  free  from  pollution.  If  such  a  channel,  however,  leads  from 
a  cesspool,  or  similar  source  of  pollution,  the  water  becomes  highly 
charged  with  matter  dangerous  to  the  health.  Once  contaminated  it  is 
likely  to  continue  so  for  long  distances,  as  little  natural  filtration  takes 
place,  owing  to  the  nature  of  the  channel.  The  water  should  be 
thoroughly  tested  by  a  chemist  if  there  seems  any  likelihood  of  con- 
tamination. 

In  limestones  and  other  soluble  rocks  the  underground  passages  are 
often  many  miles  in  length.  Single  passages,  as  in  the  Mammoth 
Cave  of  Kentucky,  have  been  traversed  for  a  distance  of  nearly  10 
miles,  while  passages  as  yet  undiscovered,  but  several  times  as  long, 
probably  exist.  Some  of  these  passages  are  many  feet  in  diameter 
and  are  traversed  by  streams  of  considerable  size,  or  even  rivers.  The 
Silver  Springs  of  Florida  give  rise  to  a  river  which  is  navigable  from 
the  ocean  to  its  source  in  the  springs,  while  springs  of  similar  volume 
occur  elsewhere  in  Florida  and  Arkansas,  and  possibly  elsewhere.  The 
waters  of  such  springs  vary  greatly  in  composition*  although  most 
of  them  are  hard.  Some  waters  are  exceedingly  clear,  the  bottoms  of 
springs  being  distinctly  visible  at  a  depth  of  many  feet,  but  in  others 
the  waters  are  muddy  after  severe  storms.  In  the  first  case  it  is 
probable  that  the  waters  feeding  the  underground  stream  reached  it  by 
percolation- through  the  porous  earth  or  rock,  during  which  its  impuri- 
ties were  largely  removed.  In  the  second  case  the  waters  in  part 
appear  to  have  penetrated  downward  through  sinks,  or  entered  the 
rock  directly  as  streams.  In  both  cases  they  are  very  liable  to  pollu- 
tion by  impurities  washed  in  with  the  water  (see  PI.  I). 

Fissure  springs, — ^The  term  fissure  springs  is  here  used  mther  com- 
prehensively to  include  the  springs  issuing  along  bedding,  joint,  cleav- 
age, or  fault  planes  (PI.  IV,  A).  The  distinguishing  feature  is  a  break  in 
the  rocks  along  which  the  waters  can  pass,  it  being  immaterial  whether 
any  considerable  open  space  exists.  These  springs  differ  from  the 
preceding  in  that  they  are  as  a  class  of  deeper-seated  origin.  Seepage 
and  drift  springs  are  largely  confined  to  unconsolidated  surface  de- 
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posits,  while  the  channels  of  limestone  springs  do  not  ordinarily 
extend  much  below  the  level  of  the  surrounding  surface  drainage.  In 
fissure  springs,  on  the  other  hand,  the  waters  are  frequently  derived 
from  great  depths,  as  is  attested  by  their  temperatures.  The  waters 
are  almost  never  subjected  to  contamination,  but  are,  however,  often 
highly  mineralized.     Springs  of  this  class  are  often  scattered  along 
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Fig.  9.— Map  showing  location  of  springs  along  faults  or  joints  near  South  Britain,  Conn. 

(After  Hobbs.) 

straight  lines  for  considerable  distances,  their  position  being  deter- 
mined by  lines  of  fracture  or  jointing,  as  shown  in  fig.  9. 

Geysers, — Geysers  are  those  springs  in  which  at  more  or  less 
regular  intervals  the  water  is  ejected  with  some  force.  The  waters 
are  always  warm  or  hot  and,  therefore,  come  from  considerable 
depth.  Geyser  springs  generally  emerge  from  tubular  conduits  that 
are  lined  with  silica,  deposited  by  the  water,  and  end  at  the  surface  in 
a  cone  of  similar  material.  The  ejection  of  the  water  is  probably  due 
to  the  expelling  force  of  steam  generated  deep  below  the  surface  under 
certain  peculiar  conditions. 
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WELLS. 

Wells  are  of  three  general  classes:  (1)  Dug,  (2)  driven,  and  (3) 
drilled  or  bored.  A  few  paragraphs  will  be  devoted  to  their  consid- 
eration, but  detailed  discussions  will  not  be  attempted. 

Dug  wdh. — Dug  wells  are  especially  adapted  to  loose  unconsolidated 
surface  deposits  in  which  the  water  supply  is  rather  scanty.  They 
present  a  large  surface  from  which  the  water  can  enter  and  have  a 
large  storage  capacity,  but,  on  the  other  hand,  they  must  necessarily 
be  of  limited  depth,  and  because  of  the  diflSculty  in  keeping  out  sur- 
face and  shallow-soil  waters  and  other  materials,  are  especially  liable 
to  pollution.  They  are  also  quite  expensive  and  need  to  be  frequently 
cleaned.  They  are  undesirable  if  sufficient  supplies  can  be  had  by 
driving  or  drilling. 

DHven  wdls, — Driven  wells  consist  of  a  pipe,  with  strainer  and 
pointed  end,  which  are  driven  into  sand  and  similar  soft  deposits. 
They  can  be  put  down  in  a  few  hours,  are  exceedingly  cheap,  and 
effectively  exclude  surface  waters.  The  principal  difficulty  arises 
from  the  penetration  of  sand  and  the  clogging  of  the  pipe.  Driven 
wells  furnish  ideal  supplies  in  many  sandy  regions,  but  are,  of  course, 
not  adapted  to  the  conditions  existing  over  the  greater  part  of  the 
country. 

Drilled  and  hored  wells. — ^These  include  those  wells  drilled  by 
machinery  in  rock  or  other  deposits.  Many  different  methods  of  dril- 
ling are  employed,  the  one  used  at  a  particular  point  depending  upon 
the  material  to  be  encountered  or  upon  the  nature  of  the  well  demanded. 
Among  the  most  common  are:  (1)  The  ordinary  churn-drill  method, 
in  which  the  drill  is  rapidly  lifted  and  dropped,  forcing  its  way  down 
by  impact;  (2)  the  diamond-drill  method,  in  which  a  cylinder  set  at 
the  bottom  with  diamonds  is  rotated,  cutting  out  a  core  of  the  rock; 
(3)  the  steel-shot  method,  in  which  loose  chilled  steel  shot  takes  the 
place  of  diamonds,  and  (4)  the  jet  process,  in  which  a  current  of  water 
is  forced  from  the  lower  end  of  the  pipe  and  by  loosening  the  sur- 
rounding material  allows  the  latter  to  sink.  Many  other  methods  or 
modifications  are  in  use.  PL  IV,  B^  represents  one  of  the  deep  drilled 
wells  yielding  flowing  water. 

FUMPS. 

In  raising  water  to  the  surface  a  variety  of  methods  are  used,  but 
except  for  the  bucket  of  the  open  wells  they  all  depend  upon  some 
type  of  pump.  Of  the  hand  pumps,  the  ordinary  valve  pump,  the 
chain  pump,  and  the  force  pump  are  the  most  common.  For  i*aising 
large  supplies  windmills  usually  afford  a  cheap  and  satisfactory  method 
on  the  farm,  but  in  industrial  establishments,  where  not  only  a  large 
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but  a  constant  and  steady  supply  is  needed,  some  form  of  power  pump 
is  used.  Electricity,  steam,  and  gasoline  are  all  used,  the  latter  being 
especially  popular  because  of  cheapness  and  ease  of  operation.  Various 
forms  of  "air-lift"  processes,  by  which  water  is  lifted  by  a  current 
of  air  that  is  forced  into  the  well  tubing,  are  successfully  used. 

ARTESIAN  FIX>WS. 

ESSENTIAL  CONDITIONS. 

Strat!f('d  hed^. — In  1885  Prof.  Thomas  C.  Chamberlin,  in  a  paper 
entitled  "Requisite  and  Qualifying  Conditions  of  Artesian  Wells,"** 
explained  the  principles  of  artesian  flow,  and  called  attention  to 
many  of  the  special  conditions  which  t^nd  to  determine  the  success 
or  failure  of  these  wells.  The  conditions  which,  according  to  Professor 
Chamberlin,  may  properly  be  considered  as  those  of  true  artesian  flow 
are  as  follows: 

I.  A  pervious  Htratum  to  permit  the  entrance  and  the  passage  of  water. 
II.  A  water-tight  btni  below  to  prevent  the  escape  of  water  downward. 
III.  A  like  inij^ervious  l)ed  above  to  prevent  the  escape  upward,  for  the  water,  being 
under  pressure  from  the  fountain  head,  would  otherwise  find  relief  in  that 
direction. 
I W  An  inclination  of  these  l)ed8,  so  that  the  edge  at  which  the  waters  enter  will  l>e 
higher  than  the  surface  at  the  well. 
V.  A  8uita})le  exposure  of  the  edge  of  the  porous  stratum,  so  that  it  may  take  in  a 

sufficient  supply  of  water. 
VI.  An  adequate  rainfall  to  furnish  this  supply. 

VII.  An  absence  of  any  escape  for  the  water  at  a  lower  level  than  the  surface  at  the 
well. 

Some  of  the  features  outlined  above  are  illustrated  by  the  following 
diagrams  taken  from  Professor  Chamberlin's  report.     There  are  man}^ 


Fig.  10.— Section  showing  principal  requisites  of  artcNian  wells.  A,  a  porous  stratum;  B,  C,  impervi- 
ous beds  below  and  above  A,  acting  as  confining  strata;  /',  height  of  water  level  in  porous  beds  A, 
or,  in  other  words,  height  of  reservoir  or  foiintain  head;  D,  E,  flowing  wells  springing  from  the 
porous  water-filled  bed  A. 

other  minor  conditions  and  modifications  of  the  requisites  outlined 
above  which  bear  on  the  occurrence  of  artesian  waters,  but  the  essen- 
tials are  here  given. 

Joints  and  faults. — Flowing  water  is  not  confined  to  those  wells 
which  penetrate  beds  under  the  conditions  outlined  by  Professor 
Chamberlin.  The  principle  on  which  artesian  watei's  depend  is  equally 
applicable  to  other  rocks,  the  essential  feature  l>eing  simply  that  the 
water  be  confined  and  that  the  outlet  through  the  well  be  considerably 

a  Fifth  Annual  Kept.  U.  S.  Geol.  Survey,  pp.  12.V173. 
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lower  than  the  catchment  area  at  which  the  water  entered.  A  bedding, 
joint,  or  fault  plane,  or  other  lissure  in  insoluble  rocks,  or  a  solution 
passage  in  limestones,  sometimes  atfords  favorable  conditions  for  arte- 
sian flows,  although  because  of  their  commonly  limited  development 
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Fig.  U. — Section  illustrating  thinning  out  of  porous  water-bearing  bed  A,  inclosed  between  imper- 
vious beds  B,  C,  thus  furnishing  conditions  for  artesian  well  D. 

they  are  far  less  frequently  encountered  than  the  broad  porous  sand- 
stones and  other  sedimentary  beds. 

Besides  occurring  along  bedding  planes  or  along  joint  or  fault  planes 
water  frequently  follows  a  combination  of  passages,  such  as  indicated 
in  fig.  13,  which  shows  an  inclined  bed  cut  by  a  joint,  the  motion  of 

B         A      C 


Fig.  12. — Section  showing  transition  from  porous  to  impervious  bed.    A,  a  close-textured,  impervious 
bed,  incloeed  between  impervious  beds  B  and  C,  furnishes  conditions  for  an  artesian  well  D. 

the  water  being  indicated  by  the  arrow.  Exactly  the  same  conditions 
might  occur  if  the  bed  h  were  to  be  replaced  by  a  joint  or  fault  plane 
of  the  same  position. 

Direction  of  moretnent  of  water. — In  the  majority  of  cases  the  water 
encountered  by  wells  is  moving  down  the  dip  of  the  beds  or  down  the 


Fio.  13.— Upward  circulation  of  water  along  joint. 

joint  or  fault  line,  but  in  many  instances,  as  in  the  cases  outlined 
above  and  illustrated  in  fig.  13,  the  water  may  be  moving  upward. 

UNDERGROUND  WATER  CONDITIONS  IN  EASTERN  UNITED 

STATES. 

There  are  great  differences  in  the  underground  water  conditions  in 
different  parts  of  eastern  United  States.  These  are  due  in  part  to 
the  presence  in  the  northern  half  of  a  mantle  of  surface  deposits  left 
by  glaciers  or  by  streams  connected  with  the  ice.     A  part  of  the 
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difference  is  also  due  to  the  difference  in  weathering  of  the  rocks  in 
the  northern  and  southern  portions,  while  still  another  part  is  due  to 
variations  in  the  character  of  rocks  and  of  topography. 


AREA  OF  GLACIAL  DRIFT. 


This  area  is  bounded  on  the  south  by  a  line  which,  starting  at  Nan- 
tucket, passes  through  Marthas  Vineyard,  Long  Island,  across  New 


Fio.  14.— Geologic  and  water-supply  districts  in  eastern  United  States. 

eTersey,  northwestward  across  Pennsylvania  into  New  York,  then 
southwestward  across  Pennsylvania  and  Ohio  to  the  vicinity  of  Cin- 
cinnati, where  it  crosses  the  river  for  a  short  distance  into  Kentucky, 
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thence  westward  a€ross  southern  Indiana,  Illinois,  and  central  Missouri, 
to  a  point  near  Kansas  City,  where  it  leaves  the  region  under  consid- 
eration (see  tig.  14).  All  of  the  region  north  of  this  line  was  covered 
one  or  more  times  by  great  ice  sheets,  except  a  small  area  in  south- 
western Wisconsin  and  adjacent  portions  of  Minnesota,  Iowa,  and 
Illinois,  where  there  appears  to  have  been  a  sort  of  island  of  land  sur- 
rounded by  ice,  known  as  the  "Driftless  area." 

North  of  the  boundary  mentioned  the  surface,  except  for  the  smltU 
drif  tless  area,  is  covered  with  a  mantle  of  materials  deposited  by  the 
glacier  and  known  as  drift.  The  drift  is  divided  into  two  main  types, 
the  first  known  As  till,  and  the  second  as  modified  or  stratified  drift. 
Till  is  composed  of  a  heterogeneous  mass,  consisting  of  clay,  sand, 
and  bowlders,  frequently  known  as  hardpan.  It  was  deposited  mainly 
directly  by  the  ice,  either  beneath  the  sheet  or  at  its  margin.  The 
second  class  of  drift  includes  gravels,  sands,  and  other  stratified  de- 
posits formed  by  streams  leading  outward  from  the  ice  sheet.  It  is 
found  chiefly  along  the  valleys  which  were  once  occupied  by  glacial 
streams,  but  considerable  amounts  were  also  deposited  in  temporary 
glacial  lakes  which  existed  between  the  northward  sloping  land  and 
the  retreating  ice  sheet,  while  some  was  laid  down  as  broad  wash 
plains. 

The  glaciers  which  left  the  various  types  of  drift  started  in  the  far 
north  in  relatively  recent  geologic  times  and  spread  southward  to  the 
limits  mentioned.  Before  their  advance  the  rocks  were  probably  deeply 
weathered  and  covered  with  soil,  as  in  the  South  at  the  present  time, 
although  the  extent  of  the  weathering  was  doubtless  somewhat  less. 
The  first  work  of  the  ice  was  to  remove  this  soft  weathered  material. 
Part  was  incorporated  with  the  till  and  part  was  carried  oflf  by  the 
streams  to  form  clay  and  sand  deposits.  Later,  after  the  removal  of 
the  surface  soil,  the  glacier  began  the  work  of  wearing  down  the  solid 
rocks,  plucking  off  fragments  both  large  and  small  from  the  ledges  and 
transporting  them  southward.  This  material  was  also  left  in  part  in 
the  till,  and  in  part  carried  away  by  the  streams. 

The  effect  of  the  drift  on  the  water  supply  of  the  northern  portion 
of  the  country  is  very  great.  In  general  the  drift  holds  very  much 
more  water  than  any  of  the  rocks.  This  water  is  yielded  readily  to 
shallow  wells,  and  furnishes  by  far  the  larger  part  of  the  well  supplies 
in  the  region  where  it  occurs.  Water  is  least  abundant  in  the  till  and 
most  abundant  in  the  stratified  drift.  Its  occurence  in  till  and  in  sand 
and  gravel  has  already  been  described  (see  pp.  26-26). 

WEATHERED  BOCKS. 

South  of  the  limits  of  glacial  advance  the  place  of  the  drift  is  partly 
taken  by  the  weathered  or  decomposed  rocks.  The  weathering  seems 
to  be  deepest  in  the  south  where  the  climate  is  more  humid  and,  there- 
fore, more  favorable  to  rock  decay. 
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The  soils  south  of  the  drift  limit**  consist  of  small  fragments  or  par- 
ticles of  disintegrated  rocks.  They  are  usually  colored  red  and  yellow 
l)y  weathering  and  are  very  porous,  al)sorbing  nuich  water.  Their 
thickness,  however,  is  not  suflBcient  to  make  them  a  good  source  of 
water  suppl}',  although  they  yield  water  to  many  shallow  wells.  The 
water  is  subjected,  a^s  in  sands  and  similar  materials,  to  more  or  less 
complete  tiltration  in  its  passage  downward. 

ROCK   WATER  PROVINCES. 

Leaving  out  of  account  New  England  and  eastern  New  York,  which 
compare  most  nearly  with  the  Piedmont  Plain,  the  main  divisions  of 
the  eastern  United  States,  viewed  from  the  standiK)int  of  underground 
water  supplies,  are:  (1)  The  Coastal  Plain,  (2)  the  Piedmont  Plateau, 
(3)  the  Appalachian  Mountains,  and  (4)  the  Mississippi  and  Great 
Lakes  basin.     The  limits  of  these  divisions  are  shown  in  fig.  14. 

Coiutal  Plain, — The  Coastal  Plain  consists  of  a  strip  of  unconsoli- 
dated deposits,  extending  from  Long  Island  on  the  north  along  the 
Atlantic  and  (lulf  Stati\s  into  Mexico  on  the  south.  The  width  varies 
from  a  few  miles  at  the  north  to  several  hundred  miles  in  the  Missis- 
sippi River  region. 

The  surface  of  the  Coastal  Plain  is  low,  asually  not  exceeding  100  to 
300  feet  above  sea  level  and,  where  uncut  !)y  erosion,  is  generally  flat. 
Owing  to  the  soft  character  of  the  materials,  however,  the  streams 
have  geneiiilly  cut  fairly  deep  valleys  which  are  separated,  where  not 
too  close  together,  by  fiat-topped  ridges  marking  the  original  surface. 
Where  the  streams  are  close  together  the  surface  is  cut  into  rolling 
hills. 

The  materials  include  clays,  sands,  gravels,  marls,  and  a  few  moi*e 
or  less  solid  limestones,  the  latter  being  present  mainly  in  the  South- 
ern States.  A  few  of  the  sandy  layers  have  been  consolidated  and  now 
form  sandstones.  The  })eds  dip  gently  toward  the  coast.  The  waters 
in  the  North  occur  mainly  in  sands  and  gravels,  especially  in  those  at 
the  base  of  the  Coastal  Plain  deposits.  Farther  south,  particularly  in 
the  Gulf  Stiites,  water  is  found  both  in  sands  and  in  the  porous  lime- 
stones. The  (juality  of  the  water  in  the  gravels  in  the  northern  portion 
of  the  belt  is  generally  soft  and  good,  but  farther  south,  notably 
where  sands  and  gravels  alternate  w  ith  clay  or  limestone  beds,  the 
waters  are  often  hard  or  are  charged  with  sulphur  and  iron.  The 
capacity  of  the  wells  is  generally  large  and  many  of  them  flow  without 
pumping.  In  the  aggregiite  there  are  several  thousand  deep  wells  scat- 
tered throughout  the  Coastal  Plain.  They  are  used  principally  for 
domestic  and  farm  supplies,  but  some  of  them  that  yield  soft  waters 
are  utilized  for  industrial  purposes.  In  the  Gulf  States,  especially  in 
Louisiana,  a  large  number  of  wells  furnish  water  for  the  irrigation  of 
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rice.  A  considerable  number  are  also  used  as  a  source  of  public  water 
supplies. 

Piedmont  Plateau. — The  Piedmont  Plateau  proper  consists  of  a 
belt  of  crystalline  rocks,  including  a  few  small  basins  of  Triassic 
sediments,  that  extends  southward  from  southeastern  New  York 
along  the  east  front  of  the  Appalachian  Mountains  to  Alabama,  lying 
l)etween  the  mountains  and  the  Coastal  Plain.  Where  the  plateau 
joins  the  Coastal  Plain  its  elevation  is  only  a  few  hundred  feet,  but 
the  altitude  of  its  surface  increases  gradually  toward  the  northwest, 
until  at  the  base  of  the  mountains,  especially  in  western  North  Caro- 
Ima  and  vicinity,  its  highest  points  have  an  altitude  of  several  thou- 
sand feet.  In  the  main  its  surface,  where  uncut  by  streams,  is  flat  or 
gently  rolling,  but  in  its  higher  portions  it  has  been  out  into  a  series 
of  prominent  mountains.  In  the  vicinity  of  the  streams  near  the 
coast  it  is  also  cut  into  a  series  of  lower  hills,  as  in  the  case  of  the 
Coastal  Plain. 

The  rocks  of  the  Piedmont  Plateau  proper  consist  mainly  of  schists, 
gneisses,  gmnites,  and  other  metamorphic  or  igneous  rocks,  all  of 
which  are  of  crystalline  texture.  The  rocks  of  the  Triassic  basins 
consist  mainly  of  sandstones,  shales,  etc. 

The  watei-s  of  the  Piedmont  Plateau  are  relatively  uncertain  in 
occurrence,  depending  largely  on  the  existence  of  joints  or  other 
fissures  in  the  rocks,  but  good  supplies  have  nevertheless  been  obtained 
at  numerous  points.  In  composition  the  waters  are  usually  fairly 
good,  although  they  sometimes  contain  considerable  mineral  matter. 
Relatively  few  deep  wells  have  been  sunk  in  this  region,  owing  to  the 
uncertainty  of  supply,  dependence  being  placed  largely  on  streams  or 
on  shallow  wells  dug  in  the  weathered  upper  portion  of  the  rocks. 
The  waters  are  used  largely  for  domestic  and  farm  purposes  and  in 
small  industrial  establishments.  In  a  few  places  public  water  supplies 
are  obtained  from  the  Piedmont  rocks,  and  some  important  mineral 
springs  are  found  in  the  region. 

Similar  to  the  Piedmont  Plateau  are  the  great  areas  of  igneous  rocks 
in  Minnesota  and  Wisconsin  and  in  New  York  and  New  England.  The 
topography  of  the  rocks  in  these  regions  is  in  general  somewhat  more 
rugged  than  in  the  Piedmont  Plateau  proper,  and  less  use  is  made  of 
the  waters,  largely  because  of  the  abundance  of  lakes,  springs,  and 
spring- fed  streams,  or  of  waters  in  the  glacial  drift  which  overlies  the 
crystalline  rocks  in  this  portion  of  the  country. 

Ajppalaeldan  Mountains, — The  Appalachian  Mountains  may  })e  con- 
sidered as  beginning  in  eastern  Pennsylvania  and  extending  southward 
to  central  Alabama.  The  Berkshire  Hills  in  Connecticut  and  Massa- 
chusetts and  the  Green  Mountains  in  Vermont  are  included  in  the  area  by 
some.  The  rocks  throughout  the  region  are  strongly  folded  and  broken 
by  faults,  the  harder  beds  giving  rise  to  the  great  mountain  ridges 
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which  characterize  the  belt.  The  rocks  consist  of  quartzites,  sand- 
stones, shales,  and  limestones.  The  sandstones  and  certain  of  the  lime- 
stones carry  considerable  amounts  of  water,  but  are  seldom  used  as  a 
source  of  supply.  The  water  in  the  limestones  is  carried  in  definite 
channels  and  is  of  rather  uncertain  occurrence.  Both  the  sandstones 
aifd  limestones  yield  copious  springs  in  places.  Wells  in  the  synclines 
or  rock  troughs  frequently  yield  water  which  will  sometimes  rise  to 
the  surface,  but  in  general  dependence  is  placed  on  the  springs  which 
occur  in  large  numbers  throughout  the  belt.  In  the  wider  limestone 
valleys  wells  or  cisterns  are  often  used.  There  are  very  few  cities  or 
large  industrial  establishments  in  this  region  and  deep  wells  are  there- 
fore somewhat  rare. 

The  Mississippi-  Great  Lakes  hasin. — This  basin  includes  the  remain- 
ing portion  of  the  territory  in  the  eastern  half  of  the  United  States. 
The  surface  is  moderately  low,  seldom  exceeding  1,000  feet  in  eleva- 
tion, and  is  usually  not  characterized  by  prominent  hills  or  mountains. 
Except  in  the  areas  of  igneous  rocks,  noted  above,  the  rocks  consist  of 
flat  or  very  gently  folded  sandstones,  limestones,  shales,  etc.,  varying 
from  Cambrian  to  Carboniferous  in  age.  The  Cambrian  and  other  of 
the  older  sandstones  carry  large  amounts  of  water,  which  is  obtained 
by  wells  that  frequently  flow  at  the  surface.  The  Silurian  limestones 
also  contain  considerable  water,  but,  as  is  the  case  with  water  in  lime- 
stones elsewhere,  its  occurrence  at  a  particular  point  can  seldom  be 
predicted. 

The  younger  rocks,  including  the  Devonian  and  Carboniferous,  con- 
sist to  a  considerable  extent  of  alternations  of  shales,  shaly  limestones, 
and  sandstones.  In  the  limestones  the  water  occurs  very  much  as  in 
other  limestones.  In  the  sandstones  and  shales,  however,  its  occur- 
rence is  uncertain  owing  to  the  lack  of  persistence  of  the  beds.  One 
well  may  obtain  water,  while  another  a  few  feet  away  may  fail.  The 
waters  are  often  mineralized,  especially  in  Michigan,  where  they  con- 
tain a  high  percentage  of  salt.  The  Carboniferous  limestones  abound 
in  springs,  some  of  which  are  of  great  size. 
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By  W.  S.  Bayley. 


TOPOGRAPHY  AND  GEOIiOGY. 

The  surface  of  Maine  consists  essentially  of  an  extensive  southward- 
facing  slope  draining  directly  into  the  Atlantic  Ocean  and  a  smaller 
northward-facing  slope  draining  into  St.  John  River.  The  latter  area 
is 'a  great  plain  covered  largely  by  swamps  and  interrupted  by  a  few 
irregular-shaped  hills.  The  surface  of  the  southern  slope  is  much 
more  broken.  It  is  crossed  by  many  ridges  of  low  mountains  trend- 
ing east  or  northeast,  some  of  which  rise  several  thousand  feet  above 
the  platform  on  which  they  rest.  These  are  separated  by  wide  areas 
of  plain,  on  which  are  many  small  glacial  hills  and  ridges.  Near  the 
coast  the  surface  is  rough.  Rocky  ridges  and  low,  bare  hills  stretch 
froni  the  shore  line  some  miles  inland,  but  the  hills  are  not  lofty  and 
the  valleys  between  them  are  not  deep. 

All  the  rocks  are  Paleozoic  or  older,  except  the  very  late  marine 
cla\'s  and  the  glacial  deposits.  The  northern  portion  of  the  State  is 
underlain  by  moderately  folded  Silurian  and  Devonian  limestones, 
shales,  and  sandstones,  cut  here  and  there  by  igneous  rocks,  some  of 
which  are  certainly  volcanic.  In  this  area  the  conditions  are  the  most 
favorable  for  the  occurrence  of  artesian  waters. 

The  section  bordering  the  coast  is  underlain  by  granites,  gneisses, 
crvstalline  schists,  and  ancient  lavas  intersected  by  intrusives.  The 
central  portion  of  the  State,  between  the  northern  and  the  coast  belts, 
is  composed  of  slates,  quartzites,  and  impure  limestones,  very  much 
like  the  rocks  in  the  northern  belt,  but  usually  more  crystalline  and 
more  closely  folded.  These,  too,  are  cut  by  granites  and  other  intru- 
sives. Conditions  are  not  so  favorable  for  artesian  water  in  the  cen- 
tral and  the  coast  belts  as  they  are  in  the  northern  l)elt;  nevertheless, 
in  some  areas  within  them,  where  the  rocks  are  less  highly  tilted 
than  elsewhere,  or  where  they  are  much  fissured,  artesian  waters  have 
l>een  developed.  Springs,  moreover,  abound  and  a  few  drilled  wells 
deliver  water  at  the  surface. 

41 
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Upon  the  rorks  of  all  throe  l>elts  the  glaciers  that  once  covered  the 
entire  State  deposited  clay,  sand,  gnivel,  and  a  mixture  of  cla\'  and 
bowlders.  The  latter  constitutes  the  till,  which  covei-s  all  the  older 
rocks  as  a  blanket,  varying  in  thickness  from  a  few  inches  to  many  feet. 
The  day,  sand,  and  jrravel  form  terraces,  hills,  and  ridges  that  run 
in  gently  sinuous  lines  for  long  distances  over  hill  and  valley,  follow- 
ing, in  the  main,  the  directions  of  the  principal  dniinage  lines.  In 
these  deposits  the  various  components  are  often  intei-st ratified,  furnish- 
ing ideal  conditions  for  successful  shallow  wells.  Most  of  these  wells 
obtain  water  either  from  the  sand  and  gi-avel  layers  interleaved  )>etween 
the  claj"  beds  or  from  the  rock  surface  underlying  all  the  sediments. 

The  only  remaining  rocks  that  are  at  all  widely  spread  in  Maine  are 
the  beds  of  fossiliferous  marine  clays,  which  extend  far  inland  up  the 
river  valleys  and  into  lowlands  where  the  elevation  is  not  more  than 
230  feet  above  sea  level.  Over  these  clays  are  layers  of  river  sand, 
deposited  at  a  time  when  the  streams  were  being  fed  by  the  melting 
glaciers.  At  the  base  of  this  sand,  where  it  lies  upon  the  clay,  there 
is  usually  a  constant  sheet  of  water  moving  slowly  riverwaixl.  This 
furnishes  an  unfailing  source  of  supply  to  wells  situated  ne^ir  the  river 
banks,  l)ut  unfortunately  the  water  is  often  contaminated  with  im- 
purities of  various  kinds. 

WATER  SirPPIiY. 

With  the  exception  of  Florida,  Maine  is  the  least  densely  populated 
of  all  the  Eastern  States.  Because  of  this  low  density  (28.2  per  square 
mile)  and  its  abundance  of  lakes  and  streams,  its  people  have  felt  little 
necessity  for  seeking  sources  of  wattM*  supply  below  the  surface. 
Consecjuently,  the  underground  waters  of  the  State  have  been,  on  the 
whole,  but  slightly  utilized,  except  in  cerbiin  restricted  areas,  where, 
for  one  reason  or  another,  the  surface  waters  are  not  suitable  for 
domestic  or  manufacturing  purposes. 

Until  very  recently'  the  rivers  and  lakes  have  afforded  excellent  water 
for  nearly  all  purposes.  With  the  increase  in  the  number  of  factories 
established  on  the  main  waterways  for  the  advantages  resulting  from 
the  possession  of  cheap  water  power,  the  rivers  have  become  less  and 
less  valuable  as  sources  of  water  supply,  partly  because  of  the  waste 
products  i)oured  into  them  from  the  factories  and  partly  because  of 
the  increased  amount  of  sewage  which  they  must  carr}'  in  consequence 
of  the  growth  of  the  manufacturing  communities  on  their  banks. 

The  drift  of  the  population  toward  centers  is  well  shown  by  the 
census  of  1900.  The  number  of  cities  and  villages  separately  enum- 
erated in  this  year  was  43,  as  against  25  in  18J>0,  and  their  population 
was  258,431,  as  against  184,821,  or  37.2  per  cent  of  the  total  popula- 
tion in  1900,  as  against  28  per  cent  in  1890. 
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The  natural  result  of  the  two  tendencies  abov^e  mentioned  has  been 
to  pollute  the  principal  water  courses,  with  the  consecjuent  result  that 
communities  drawing  their  public  supplies  from  streams  are  beginning 
to  complain  of  the  quality  of  the  water  furnished  them  and  are  turning 
toward  the  lakes  for  relief. 

Along  the  coast  strip,  where  the  larger  rivers  are  tidal,  commun- 
ities are  dependent  upon  lakes  and  small  brooks  for  their  public 
supply.  On  the  islands  the  principal  sources  of  drinkable  water  are 
springs  and  drilled  wells,  but  since  there  are  only  a  few  island  settle- 
ments of  any  considerable  size  the  question  of  large  public  supplies 
is  not  of  great  moment. 

Within  the  interior  of  the  State  village  communities  that  are  not  sit- 
uated near  large  lakes  or  spring-fed  brooks  have  often  taken  advan- 
tage of  the  numerous  good  springs  that  abound  everywhere  and 
spring  water  has  been  piped  through  the  settlements. 

PUBLIC  SUPPLIES. 

The  aggregate  population  furnished  by  water  corporations  from  the 
three  principal  sources  above  mentioned  is  about  285,000,  or  about  40 
per  cent  of  the  entire  population  of  the  State.  Of  this  number  about 
152,000  obtain  public  water  from  lakes,  122,000  from  rivers,  and 
14,000  from  springs.  In  addition  there  is  one  community  (Castine, 
population  about  900)  that  di-aws  its  supply  from  four  drilled  wells. 
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RIVERS. 

The  communities  at  present  obtaining  tlieir  public  supply  from 
rivers  and  brooks  are  as  follows: 

Preliminary  list  of  communities  drawing  upon  dreams  as  the  sources  of  their  public  tcater 

supply. 


Place. 


County. 


Source  of  supply. 


Augusta Kennebec  . . 

Bangor Panobecot . . 

Belfast Waldo 

Bethel Oxford 

Benton Kennebec  . . 

Biddeford York 

Brewer Penobscot . . 

Calais Washington 

Caribou Aroostook  . . 

Dover I  Piscataquis  . 

Ellsworth Hancock  . . . 

Ellsworth  Falls ' do 


Fairfield 

Freeport 

Fryeburg 

Gardiner 

Oldtown 

Houlton 

Kingfield 

Milltown 

Old  Orchard  . . . 

Pittsfield 

Presquelslc  ... 

Richmond 

Rumford  Falls . 

Saco 

Somerville 

Sorrento 

South  Berwick . 
Van  Buren 


Waterville. 


Somerset 

Cumberland  . 

Oxford 

Kennebec  . . . 
Penobscot . . 
Aroostook . . , 

Franklin 

Washington  . 

York 

Somerset 

Aroostook  . . . 
Sagadahoc . . . 

Oxford 

York 

Lincoln 

Hancock 

York 

Aroostook  . . , 

Kennebec  .. 


Kennebec  River. 

Penobscot  River. 

Little  River  or  Coles  Brook. 

Chapman  Brook. 

Messalonskee  River. 

Saco  River. 

Penobscot  River. 

St.  Croix  River. 

Aroostook  River. 

Piscataquis  River. 

Branch  Pond  Stream. 

Do. 

Messalonskee  River. 

Brook. 

White  Lot  Brook. 

Cobossecontee  Stream. 

Penobscot  River. 

Moose  Brook. 

Brook  flowing  into  Tuffs  Pond.  , 

St.  Croix  River. 

Saco  River. 

Sebasticook  River. 

Kennedy  Brook. 

Kennebec  River. 

Androscoggin  River. 

Saco  River. 

SheepscOt  River. 

Piscataquis  River. 

Two  Brooks. 

St.   John    River   and    Violette 
Brook. 

Messalonskee  River. 
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LAKES. 


The  list  below  is  an  enumeration  of  the  communities  utilizing  lakes 
as  their  sources  of  supply. 

Preliminary  list  of  communities  utilizing  lakes  as  sources  ofwaXer  supply. 


Place. 


Auburn 

Bar  Harbor 

Bath 

Bath  (emergency) 

Belgrade 

Boothbay  Harbor . 

Brunswick 

Camden 

Gorham 

Kittery 

Lewiston 

Livermore  Falls. . . 

Newport 

Norway 


County. 


Oakland 

Phillips 

Portland 

Rockland 

Rockland  (auxiliary). 

Rockport 

Seal  Harbor 

fck)uth  Portland 

South  Paris 

Southwest  Harbor 

Thomaston 

Westbrook 

Wilton 

Woolwich 

York 

York  Comer 


Androscoggin . 

Hancock 

Sagadahoc 

do 

Kennebec 

Lincoln 

Cumberland  . . 

Knox 

Cumberland  . . 

York 

Androscoggin . 

do 

Penobscot 

Oxford 


Source  of  supply. 


Kennebec  ... 

Franklin 

Cumberland  . 

Knox 

do 

do 

Hancock 

Cumberland 

Oxford 

Hancock 

Knox 

Cumberland . 

Franklin 

Sagadahoc . . . 

York 

do 


Lake  Auburn  or  Wilton  Pond. 

Eagle  Lake. 

X^ake  Nequassetto. 

120  driven  wells. 

Belgrade  Lake. 

Adams  Pond. 

Mirror  or  Oyster  River  Lake. 
Sebago  Lake. 
Folly  Pond. 
Lake  Auburn. 

Pillsbury  Pond. 

Norway  or   Great  Pennessee- 
wassee  Lake. 

Messalonskee  Lake. 

Mount  Blue  Pond. 

Sebago  Lake. 

Mirror  or  Oyster  River  Lake. 

Lake  Chicawanstin. 

Mirror  or  Oyster  River  Lake. 

Jordan's  Pond. 

Sebago  Lake. 

Norway  Lake. 

Long  Pond. 

Mirror  or  Oyster  River  Lake. 

Sebago  Lake. 

Lake  Nequassetto. 
Chase's  Lake. 
Do. 
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SPRINGS. 


In  the  communities  named  below  springs  furnish  nearly  all  the  water 
used.  In  all  cases  this  is  carried  by  pipes  either  directly  from  the 
springs  or  from  reservoirs  into  which  the  spring  water  is  pumped. 

Prelhninary  lifit  of  communities  oUainmtj  their  pahlic  mipply  from  apririffs. 


Place. 

Connty. 

Remarks. 

Addison 

Washington 

Appleton 

Knox 

Bingham 

Somerset 

2  springs  fill  IJ-inch  and  6-inch  pipes. 

BrownviHe 

Piscataquis 

3  springs;  pii>ed   to  hotel  and  private 
houses. 

Cherryfield 

Washington 

Fort  Fairfield 

Aroostook 

Guilford 

Piscataqui.M 

Supplies  30  families. 

Hallowell 

Kennebec 

Harrington 

Washington 

Lisbon  Falls 

Androscoggin 

Lubec 

Washington 

.350,000 gallons  a  day.  Temjwrature,  42°. 

Millbridge 

do 

Fills  2-inch  pipe.     Temperature,  40°. 

Monson 

Piscataquis 

Supplies  30  families. 

North  Waterl)oro  . . . 

York 

Paris  Hill 

Oxford 

From  10,000  to  30,000  gallons  a  day. 

Peru 

do 

Sanford 

York 

Fills  i-inch  and  J-inch  pipes. 

Sangerville 

Piscataquis 

Searsniont 

Waldo 

Searsport 

Skowhegan 

Springvale 

do 

Somerset 

500,000  gallons  a  day. 
100  gallons  a  minute. 

York 

Stratton 

Franklin 

Union 

Knox 

Winterport 

Yarmouth 

Waldo 

125,000  gallons  a  day. 

120,000  gallons  a  day.  Temperature,  49°. 

Cumberland 

Yarmouthville 

do 

DRILLED   WELLS. 

The  villajfe  of  Castine  is  furnished  with  water  for  domestic  and  fire 
purposes  by  four  drilled  wells,  of  which  three,  situated  at  an  eleva- 
tion of  130  feet,  are  now  used.  In  these  the  water  was  struck  at  a 
depth  of  62i  feet,  or  07^  feet  above  mean  hi^h-water  mark.  It  ri.ses 
naturally  within  i^5  feet  of  the  surface  and  is  pumped  to  the  surface 
with  the  aid  of  a  windmill.     These  wells  yield  40,000  gallons  daily. 
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A  fourth  well,  675  feet  deep,  is  located  at  an  elevation  of  217  feet. 
Water  was  sti-uck  in  this  well  at  a  depth  of  620  feet.  It  apparently 
came  from  fissures  in  the  rock.  The  water  level  in  this  well  is  only 
27  feet  below  the  surface— i.  e.,  it  is  127i  feet  higher  than  the  level  in 
the  lower  wells  and  190  feet  above  sea  level.  All  the  wells  are  sit- 
uated on  the  backbone  of  a  small  peninsula  that  extends  into  Penob- 
scot Bay.  This  peninsula  is  only  2  miles  long  and  1  mile  wide,  and 
is  joined  to  the  mainland  by  a  narrow  isthmus  which  has  been  crossed 
by  a  canal.  The  deepest  well,  whose  water  rises  190  feet  above  sea 
level,  is  only  half  a  mile  from  the  shore  of  the  bay. 

PRIVATE   SUPPLIES. 

The  farming  communities  in  Maine,  as  elsewhere  in  the  Eastern 
States,  consist  of  isolated  families  or  very  small  groups  of  families  in 
villages  that  are  not  large  enough  to  warrant  tlie  wholesale  distribu- 
tion of  water.  Water  can  not  be  conveyed  to  them  economically  from 
long  distances,  hence  their  supplies  must  come  from  near-by  sources, 
which  are  available  almost  everywhere  immediately  beneath  the 
surface.  These  underground  sources  are  tapped  by  dug  and  by  drilled 
wells,  or  by  the  natural  fissures  through  which  springs  issue. 

DUG,  DRIVEN,  AND   BORED   WELLS. 

The  soil  covering  of  Maine  is  largely  glacial  in  origin.  The  drift 
w  hich  covers  the  hard  rocks  is  of  considerable  thickness  over  most  of 
the  State,  and  from  its  nature  it  affords  many  resciToirs  for  the 
storage  of  ground  water.  Where  gravels  and  sands  are  intercalated 
between  clay  b^ds  these  furnish  abundant  water.  The  depth  of  the 
layers  from  which  the  water  is  derived  varies  widely  even  in  the  same 
neighborhood,  because  the  coarse-grained  beds  are  not  of  great  hori- 
zontal extent,  and  neighboring  wells,  therefore,  nmst  often  obtain  their 
water  from  different  layers.  In  those  places  where  the  drift  covering 
is  thin  the  rock  under  the  drift  is  blasted  into,  and  in  this  way  a 
shallow  basin  is  made,  into  which  water  seeps  from  the  basal  layers 
of  the  overlying  drift  and  from  the  crevices  opened  up  in  the  rock. 

In  the  valleys  of  many  of  the  rivers  are  deposits  of  clay,  which  were 
either  laid  down  by  the  rivers  themselves  or  by  bays  of  the  ocean 
which  formerly  extended  inland  up  the  river  valleys.  Between  the 
successive  beds  of  clay  are  often  thin  layers  of  water  that  are  con- 
tinuously flowing  riverward  as  broad  sheets.  Where  these  are  inter- 
cepted by  wells  an  abundant  and  constant  supply  of  water  is  obtained. 
Wells  of  this  class  possess,  in  a  measure,  artesian  diameters.  The 
water  often  rises  alK)ve  its  immediate  source,  and  its  height  is  only 
slightly  affected  by  droughts.  On  the  other  hand,  the  beneficial  effect 
of  sand  filtration  upon  the  water  is  lacking,  and  conse(|uently  these 
wells  are  more  apt  to  become  polluted  than  those  that  obtain  their 
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water  by  tapping  supplies  in  sand  or  gravel.  A  rapid  examination  of 
the  recoi'ds  of  the  State  board  of  health  shows  that  the  greater  pro- 
portion of  the  polluted  wells  investigated  by  the  board  are  those 
which  obtain  their  water  from  between  clay  layers;  whereas,  on  the 
other  hand,  the  wells  obtaining  their  supply  from  the  sand  beds  in  the 
drift  usually  furnish  good  water,  although  they  may  be  situated  in  the 
midst  of  farm  buildings  that  have  occupied  the  land  for  periods  of 
fifty  or  seventy -five  years. 

DRILLED  WELLS. 

Because  of  the  abundance  of  streams,  lakes,  and  springs  in  the  State, 
and  the  ease  with  which  the  underground  water  in  the  glacial  drift 
may  be  reached  by  dug,  driven,  and  bored  wells,  the  use  of  drilled 
wells  is  not  common.  There  are  a  few  in  the  interior  counties  where 
the  supply  of  surface  water  is  not  constant  and  where  the  drift  is  thin 
and  dug  wells  are  likely  to  fluctuate  with  variations  in  the  amount  of 
rainfall,  but  by  far  the  greater  portion  of  the  deep  wells  are  situated 
either  on  the  islands  off  the  cost  or  in  a  narrow  strip  on  the  mainland 
bordering  the  shore.  This  shore  strip  is  almost  insular  in  character. 
Deep  inlets  extend  back  into  the  land,  separating  it  into  narrow 
tongues  that  are  almost  surrounded  by  salt  water.  Moreover,  the  drift 
covering  is  usually  thin,  and  in  this  belt,  as  on  the  islands,  the  collect- 
ing areas  are  small  and  the  capacity  of  the  drift  for  storage  is  small. 

Records  of  the  rocks  drilled  through  have  been  kept  for  very  few 
of  the  wells.  This  fact,  together  with  the  fact  that  the  geologj^  of  the 
State  is  practically  unknown,  makes  it  impracticable  to  work  out  at 
present  the  limits  of  artesian  basins.  From  the  scanty  data  at  hand, 
however,  it  appears  probable  that  at  least  one  basin  exists  in  the  north- 
eastern part  of  the  State,  in  the  eastern  portion  of  Aroostook  County, 
and  another  in  the  west-central  part,  surrounding  Moosehead  Lake. 

At  Greenville,  at  the  mouth  of  Moosehead  Lake,  are  two  wells  that 
flow.  These  two  and  a  few  others  in  the  coa^it  belt  are  the  only  ones 
that  furnish  water  at  the  surface.  In  the  great  majority  of  the  wells, 
however,  the  water  is  forced  upward  by  natural  pressure  some  dis- 
tance above  its  source. 

Of  the  448  drilled  wells  of  which  reports  have  been  received,  134 
are  100  feet  deep  or  over.  Of  these  there  are  2  over  500  feet  deep, 
7  between  300  and  400  feet,  and  25  between  200  and  300  feet. 

SPRINGS. 

Throughout  the  inteiior  of  the  State  springs  are  frequently  used  as 
sources  of  water  supply  when  they  are  situated  at  a  greater  elevation 
than  the  buildings  to  be  furnished  with  water.  Often  several  families 
combine  and  have  the  water  of  the  larger  springs  distributed  through 
their  dwellings  by  pipes.     Occasionally  the  water  is  raised  by  wind- 
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mills,  but  usually  it  is  distributed  by  gravity  alone.  In  those  portions 
of  the  State  where  the  well  water  is  hard,  springs  are  more  generally 
utilized  than  in  those  portions  where  the  well  water  is  soft.  In  a  few 
instances  where  the  quality  of  the  water  in  the  streams  near  by  is  poor, 
springs  supply  water  for  manufacturing  establishments. 

Very  important  springs,  which  are  of  great  economic  value  to  the 


LEGEND 
^  Flowing  wells 
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surface 


Fio.  15.— Location  of  flowing  or  nearly  flowing  wells  of  Maine. 

State,  are  those  which  may  be  denominated  commercial  springs.  This 
group  includes  those  springs  whose  waters  are  sold  by  measure,  i.  e., 
in  small  parcels.  Of  this  class  there  are  two  subclasses.  In  the  first 
are  included  springs  that  furnish  water  to  consumers  in  their  vicinity 
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at  regular  intervals,  to  be  used  as  table  water.  In  this  group  there 
are  at  present  known  to  be  25  springs,  from  which  486,000  gallons  are 
sold  at  a  cost  to  the  consumers  of  $29,782.  A  list  of  these,  with  analyses 
of  their  waters,  is  given  in  the  table  on  pages  61  to  53.  The  second 
subclass  includes  springs  whose  waters  are  bottled  and  shipped  to  dis- 
tant points.  The  mineral  springs  whose  waters  are  supposed  to  pos- 
sess medicinal  properties  are  included  here,  and  also  certain  other 
springs  whose  water  is  exceptionally  pure.  The  quantity  of  water 
shipped  from  these  in  1902  was  355,865  gallons,  valued  at  $71,415. 
This  amount  does  not  include  the  sales  of  water  from  Poland  Spring, 
the  proprietors  of  which  decline  to  make  any  statement  as  to  the  quan- 
tity or  value  of  the  water  supplied  by  them  to  consumers.  It  is  known, 
however,  that  the  aggregate  value  of  the  water  shipped  from  this 
spring  is  greater  than  that  of  all  the  other  springs  in  the  State.  The 
springs  in  this  group  number  22.     (See  table  on  page  54.) 
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NEW  HAMPSHIRE.^ 


By  M.  L.  FuLLEi^. 


TOPOGRAPHY. 

Taken  as  a  whole  New  Hampshire  is  more  rugged  than  any  other 
New  England  State.  Although  the  mountains  are  lacking  in  the 
definite  trend  which  characterizes  the  Green  Mountain  and  Berkshire 
Hill  ranges,  they  comprise,  nevertheless,  the  highest  and  most  rugged 
peaks  of  the  eastern  section  of  the  country  north  of  North  Carolina. 
The  highest  land  is  in  the  western  and  northern  parts  of  the  State, 
culminating  in  the  White  Mountains  of  the  north-central  portion, 
where  Mount  Washington  and  several  other  peaks  reach  elevations  of 
5,000  to  6,000  feet  or  over.  The  lowest  area  within  the  State  is  in  the 
southeastern  portion,  where  much  of  the  land  is  less  than  600  feet 
above  sea  level,  considerable  tracts  lie  between  500  and  1,000  feet,  and 
a  few  hills  and  ridges  above  1,000  feet. 

In  general  the  hills  and  mountains  present  smooth  and  rounded  out- 
lines, while  the  valleys  are  generally  wide,  with  gentle  or  moderate 
slopes.  In  addition  to  the  rock  hills,  there  are,  in  the  southern  thii-d 
of  the  State,  a  large  number  of  smooth,  lenticular  hills,  100  feet  or 
more  in  elevation  above  their  base,  composed  of  deposits  formed  by 
the  glaciers  when  they  occupied  the  region.  They  ai*e  known  as 
drmnlins. 

GEOIiOGY, 

Over  the  greater  part  of  the  State  the  rocks  are  of  the  crystalline 
type,  and  include  granites,  gneisses,  etc.,  but  along  the  western  border, 
and  also  along  a  broken  belt  extending  from  the  southwestern  portion 
of  the  State  northeastward  into  Maine,  in  the  vicinity  of  Rochester, 
there  are  extensive  outcrops  of  slates,  quartzites,  schists,  etc.,  with 
occasional  small  areas  of  limestone.  The  rocks  of  all  types  are  gen- 
erally characterized  either  by  bedding  or  lamination  planes,  and  are 
frequently  much  broken  by  joints. 

Like  other  New  England  States,  New  Hampshire  is  covered  with 
surface  deposits  of  unconsolidated  material  laid  down  by  the  ice  sheet 
or  its  associated  drainage  ways.     This  surface  material  or  drift  is  not 

a  The  portions  of  the  present  deacriptions  relating  to  wells  and  springs  are  based  on  data  collected 
by  Mr.  J.  M.  Boutwell. 
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of  uniform  di8tril)ution,  being  in  general  of  much  greater  thickness 
in  the  southern  portion  of  the  State  than  hi  the  northern.  Neither  is 
the  drift  of  uniform  thickness  in  the  same  general  region,  the  crests 
and  sides  of  the  mountains  and  many  of  the  higher  hills  being  thinly 
coated  with  or  even  nearly  free  from  glacial  materials.  In  the  valleys 
and  on  the  lowlands,  however,  the  drift  deposits  reach  a  considerable 
thickness  and  afford  the  most  important  source  of  water  in  the  State. 
Of  the  types  of  drift  the  stratified  deposits  along  the  present  stream 
channels  are  the  most  important.  The  sands  and  gravels  along  the 
Connecticut,  Merrimac,  Pemigewasset,  Ashuelot,  Contoocook,  Saco, 
and  Great  Ossipoo  rivers  are  of  considerable  importance.  Many  small 
areas  and  a  few  large  ones  are  covered  b}'  deposits  laid  down  in  glacial 
lakes  at  a  time  when  the  retreating  ice  margin  blocked  the  northward- 
flowing  streams.  Extensive  stratified  deposits  also  occur  along  the 
Atlantic  coast  in  the  southeastern  portion  of  the  State.  Outside  of 
the  areas  of  stratitied  materials  of  the  river  bottoms,  glacial  lake 
basins,  and  along  the  coast,  the  surface  is  generally  covered  with  a 
bowlder  clay,  or  hard  pan,  known  as  till.  In  general  it  is  very  thin, 
but  becomes  of  considerable  thickness  in  the  lenticular  hills,  known  as 
drumlins,  in  the  southern  third  of  the  State. 

UNDERGROUND  WATERS, 

WELLS. 

The  wells  may  be  grouped  into  two  classes:  (1)  Those  in  the  drift 
and  (2)  those  entering  the  rock.  Of  the  wells  in  the  drift,  those  in 
the  compact  and  more  or  less  clayey  till  or  hard  pan  yield  the  least 
satisfactory  supplies  both  as  regards  quantity  and  quality.  In  the 
stratified  drift,  especially  in  the  sands  and  gravels  of  the  valleys  and 
basins  mentioned  above,  the  supplies  are  generally  of  good  quality  and 
ample  in  volume.  In  the  more  densely  populated  portions  of  the 
State,  especially  near  the  coast,  the  shallow  drift  watei's  are  some- 
times liable  to  pollution,  but  satisfactory  supplies  can  usually  be 
obtained  at  almost  any  point  where  the  stratified  drift  occurs. 

Wells  are  in  general  drilled  into  the  rock  only  when  satisfactory 
supplies  can  not  be  obtained  from  the  drift.  The  rocks  over  a  large 
part  of  the  area  are  crystalline  and  dense  and  do  not  present  ideal 
conditions  for  water  storage,  so  that  the  value  of  a  rock  well  Uiust 
always  be  in  doubt  until  it  is  completed.  As  already  pointed  out,  the 
crystalline  rocks  are  generally  marked  by  lamination  planes  and  are  cut 
by  joints,  while  the  slates,  quartzites,  limestones,  and  other  stratified 
rocks  are  characterized  likewise  by  joints  and  also  in  many  instances 
by  rather  definite  bedding  planes.  The  general  effect  of  all  of  these 
features  is  to  allow  the  water  to  i)enetrate  into  the  interior  of  the  rock, 
and  most  deep  rock  wells  obtain  moderate  supplies,  but  irregularities 
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in  theo(*.currenceof  joints  and  other  planes  render  the  results  of  drilling 
very  uncertain. 

Many  wells  from  200  to  1,300  feet  deep  have  been  drilled  in  the 
State,  nearly  every  county  being  represented.  The  majority  of  these 
have  found  water,  although  a  few  of  the  deeper  wells  have  been  fail- 
ures. The  supplies  in  some  of  these  wells  are  so  great  as  to  warrant 
the  installation  of  steam  pumps  for  raising  the  water.  The  deep  wells 
are  used  mainly  in  the  various  manufacturing  industries  and  by  the 
larger  hotels. 

The  waters  of  the  drift  are  generally  soft  and  relatively  free  from 
mineral  matter,  but  those  obtained  by  the  deeper  rock  wells  are  fre- 
quently hard  and  charged  with  mineral  matter,  especially  iron. 

SPRINGS. 

As  in  all  rugged  regions,  springs  abound  in  the  hilly  portions  of 
New  Hampshire.  Over  a  large  portion  of  the  western  and  northern 
part  of  the  State  there  is  hardly  a  farm  that  is  without  one  or  more 
available  springs.  In  these  regions  springs  are  the  leading  source  of 
domestic  supplies,  and  at  a  number  of  places,  as  at  Dover,  Gorham, 
North  Stafford,  Nashua,  Bennington,  and  elsewhere,  springs  consti- 
tute a  principal  or  partial  source  of  public  supply.  Spring  waters 
are  also  frequently  used  in  dairy  and  other  similar  industries  at  many 
points  throughout  the  State. 

Besides  the  uses  outlined  above  many  of  the  spring  waters  of 
New  Hampshire  are  placed  on  the  market  for  medicinal  or  table  use. 
In  1902,  eight  springs  reported  sales  amounting  to  629,600  gallons, 
with  a  value  of  $185,996,«  viz: 

Amherst  Mineral  Spring,  Amherst,  Hillsboro  County. 

Granite  State  Spring,  Plaistow,  Rockmgham  County. 

Hale  Spring,  Plaistow,  Rockingham  County. 

I^ayette  Spring,  West  Derry,  Rockingham  County. 

Londonderry  Lithia  Spring,  Londonderry,  Rockingham  County. 

Mount  Madison,  formerly  Gorham  Mineral  Spring,  Gorham,  Coos  County. 

Pack  Monadnock  Lithia  Spring,  Temple,  Hill8l)oro  County. 

Toof  8  Artesian  Well,  Concord,  Merrimac  County. 

In  addition  to  the  above  springs  there  are  probably  many  local 
springs  which  supply  water  for  family  use  on  a  small  scale  in  the 
cities.     A  number  of  resorts  have  also  been  established  at  springs. 

PRINCIPAIi  PUBIilCATIONS. 

Mineral  springs  of  the  United  States,  by  A.  C.  Peale:  Bull.  U.  S.  Geol.  Survey  No. 
32,  pp.  17-18. 

New  Hampshire  [well  and  spring  records],  by  J.  M.  Boutwell:  Water-Supply  and 
Irrig.  Paper  U.  S.  Geol.  Survey  No.  102,  1904,  pp.  60-72. 


aPwUe,  A.C.MIneral  Resources  U.S. for  1902,  V.  8.  Gc?ol.  Survey,  19M,  p. 996. 
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By  G.  II.  Perkins. 


.  GENERAii  coisninoNS. 

Vermont  is  157  miles  long  from  north  to  soutii  and,  on  the  average, 
about  58  miles  wide  from  east  to  west.  The  Green  Mountain  Eange, 
which  divides  the  State  into  nearly  equal  east  and  west  portions,  forms 
a  watershed  from  which  most  of  the  streams  flow  either  east  into  the 
Connecticut  or  west  into  Lake  Champlain.  As  the  mountains  and 
foothills  occupy  a  large  portion  of  the  State  there  is  little  level  ground, 
the  surface  being  mostly  uneven — mountain,  hill,  or  valley.  The 
mean  rainfall  over  the  State  is  not  far  from  39  inches.  Probably  no 
State  is  more  abundantly  watered,  for  in  most  of  the  towns  springs 
are  numerous  and  unfailing,  and  these  are  supplemented  elsewhere  by 
wells  and  streams. 

The  unaltered  stratified  rocks  of  Vermont  are  found  mostly  in  the 
Champlain  Valley,  where  the  Cambrian  sandstone,  Beekmantown  sand- 
stones and  limestones,  Chazy,  Trenton,  and  sometimes  Black  River 
limestone  and  Utica  shales  form  a  narrow  border  along  the  western 
part  of  the  State.  East  of  these  unchanged  beds  the  rocks  are  largely 
crystalline  and  metamorphic,  consisting  of  granite,  gneiss,  schist,  and 
slate.  The  whole  State  is  covered  with  glacial  deposits,  composed  of 
gravels,  clays,  and  sandis. 

WATER  SUPPIiY, 

Puhli^  supplies. — Because  of  the  abundance  of  springs  and  the  con- 
sequent ease  and  cheapness  with  which  a  public  water  system  can  be 
established  in  man}-  towns,  such  supply  is  often  found  where  it  would 
scarcely  be  expected.  At  least  65  towns  and  villages  have  a  more  or 
less  complete  public  supply.  Some  of  these  are  owned  by  the  towns, 
many  by  corporations  or  individuals.  In  a  number  of  towns  there 
are  several  systems;  for  example,  Barre  has  at  present  a  system  owned 
by  the  city,  which  supplies  1,200  families,  and  at  least  5  smaller  sup- 
plies, which  are  used  by  from  6  to  250  families  each.  Montpelier  is 
still  more  lavishly  provided,  there  being  the  city  supply,  which  fur- 
nishes by  far  the  greater  numl)er  of  the  residents,  and,  in  addition, 
more  than  twelve  other  sources  which  supply  from  2  to  50  or  more 
60 
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families.  In  1898  a  State  laboratory  of  hygiene  was  established,  and 
as  water  used  for  drinking  can,  under  certain  regulations,  be  analyzed 
here  free  of  charge,  most  of  the  water  used  in  the  larger  towns  is 
frequently  examined  chemically.  In  the  following  table  are  given  the 
sources  of  supply  of  most  of  the  important  cities  and  towns  of  the 
State: 

Sources  of  vxUer  mippvy  of  Vermont  towns. 


Coanty. 


Addison 

Do 

Bennington . . . 

Do 

Caledonia 

Essex 

Do 

Franklin 

Do 

Lamoille 

Do 

Do 

Do 


Do. 

Orange . 

Do. 

Do. 


Orleans. . 

Do.. 

Do.. 
Rutland  . 

Do.. 
Do.. 
Do.. 
Do.. 


Town. 


Source  of  supply. 


Do. 
Do. 


Middlebury Springs 

Vergennes;. i  Otter  Creek . 

Arlington i  Spring 


jEquinox  Springs  . 

Is.  M.  < 


Manchester ,, ^    .  . 

Orvis's  springs. 

East  Bamet Springs 

Island  Pond do 

Lunenburg ,  Three  large  springs. . . 

Richford |  Springs 

St.  Albans ,  Reservoir    (4    miles 

,      from  town). 

Hydepark Springs 

Jeffersonville j do 

Johnson do 

do I do 

Stowe do 

Bradford '  A  series  of  springs. . . . 

North  Thetford Springs 


-do Union     and    North 

Thetford  water  com- 
panies. 

Derbyline Springs 

Glover ' do 

North  Troy do 

Brandon |  Hitchcock    Pond    (6 

miles  north). 

Center  Rutland |  Springs 

Danby do 

Pittsford Large  spring 

Poultney Crystal  Lake,  Hamp- 
ton, N.  Y. 

Proctor Springs 

Rutland Mendon  brooks 


Ownership. 


Town. 

City. 

Arlington  Water  Com- 
pany. 

Town. 

Town  water  company. 

Island  Pond  Water 
Company. 

Town. 
Do. 

Private. 

Town. 

Waterman  &  Welch. 

Water  company  (J.  A. 
Pearl,  agent). 

C.  E.  and  F.  O.  Burt. 

Town. 

Union  and  North  Thet- 
ford water  compa- 
nies. 

Independent  fanners. 

Town. 

Private. 

Two  companies. 

Town. 

Do. 
Do. 
Do. 
Do. 

Do. 
Do. 
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Sources  of  water  mipply  of  Vermont  towns — Continaed. 


County. 

Washmjfton 

Do 

Do 

Do 


Do. 


Town. 


Barre  ., 

do 

.....do  . 
do, 


Source  of  supply. 

Several  companies. . 

Springs 

Brooks 

Spring 


Marshfield t  Springs. 


Do Middlesex. 

Do Montpelier 


Do. 
Do. 
Do. 

Do. 


Do... 
Windham 

Do... 
Windsor. . 


Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Do. 
Do. 


Northfield . 
Plainfield.. 
Roxbury  .. 


do 

Berlin  ponds  (two). 
Two  public  systems. 
Springs 


Waterbury 


Brooks   and 
collected. 


sprmgs 


Waterbury  Center. 

Bellows  Falls 

Jamaica 

Chester  ...1 


Springs 

Minard*s  pond . 
Fifteen  springs. 
Stream 


Ownership. 


Hartford 

Ludlow 

Norwich 

Rochester 

Springfield 

White  River  Junc- 
tion. 

Wilder 

Windsor 


Springs. 

do. 

do. 

do  . 

do. 

do. 


Water  company. 

Harvey  Hereey. 

Private  and  city. 

Barre     Spring    Com- 
pany. 

BatchelderWaterC^m- 
pany. 

Private  owners. 

City. 

Private. 

Village. 

J.  W.  Howe  and  G.  A. 
Tilden. 

Town. 

Hopkins  <&  Company. 

Town. 

Do. 

Chester  Water  Com- 
pany. 

A.  L.  Peace. 

Town. 

Do. 

Do. 

Do. 

Do. 


Three  springs OlcottWaterCompany. 

Springs Town. 


Corniium  Hj)r trigs, — As  has  been  indicated,  springs  are  abundant  over 
a  large  part  of  the  State.  Of  the  248  towns  reporting,  not  less  than 
190  are  said  to  be  wholly  or  in  large  part  supplied  from  springs. 
Many  of  these  springs  are  large  and  constant  in  flow  and  tempera- 
ture, the  latter  being  often  as  low  as  38^  F.,  even  in  midsummer,  and 
many  show  throughout  the  year  a  temperature  varying  but  little  from 
45-  F. 

As  there  is  little  or  no  soluble  matter  in  the  rocks  in  most  parts  of 
the  State,  the  spring  water  is  usually  pure  and  soft. 

The  abundance  of  springs  is  shown  in  the  reports  from  single  and 
not  large  farms,  that  within  their  limits  there  are  20,  30,  or  even  40 
active  springs.  The  water  supply  of  most  towns  having  a  public 
water  system  is  taken  either  from  one  large  spring  or  from  several 
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which  have  been  connected.  Analyses  of  many  of  these  springs 
could  be  given.  Nearly  all  of  them,  however,  simply  show  pure 
water  with  no  organic  and  very  little  solid  matter,  and  as  Vermont  is 
for  the  most  part  not  thickly  settled,  there  are  few  or  no  sources  of 
contamination.  As  an  example  of  what  may  be  regarded  as  an 
avei'age  sample  of  Vermont  spring  water,  the  following  is  given. 
The  sample  was  taken  from  a  tap  located  at  some  distance  from  the 
reservoir  supplied  by  springs.     It  is  not  the  purest  nor  the  worst. 

Analysis  of  umter  from  Johnson  J  Vt, 


Total  solids 

Loss  on  ignition 

Fixed  solids 

Free  ammonia 

Albuminoid  ammonia 
Chlorine 


Part*  per 
million. 


40.4 
3.2 

37.2 
.018 
.07 
.4 


Nitrogen  as  nitrates 
Nitrogen  as  nitrites. 

Hardness 

Turbidity 

Sediment 

Color 


Parts  per 
million. 


.100 
None. 
3.1 
None. 
None. 
None. 


Mineral  springs, — Mineral  springs  are  found,  though  not  in  large 
number,  in  different  parts  of  the  State.  Most  commonly  they  are 
more  or  less  sulphurous,  but  alkaline  carbonated  springs  also  occur. 
The  chief  resorts  on  account  of  the  water  are  Alburg  Springs,  High- 
gate,  Sheldon,  Clarendon,  Middleton,  and  Brunswick.  The  springs  at 
South  Hero,  Chelsea,  Concord,  Wolcott,  Newbury,  and  Warren  are 
all  of  some  repute.  The  Equinox  Spring,  at  Manchester,  is  not 
mineral,  but  is  simply  a  very  fine  spring  of  pure  water.  The  water 
of  some  of  the  deep  wells  is  so  strongly  magnesian  as  to  properly 
come  under  the  class  of  mineral  waters. 

The  springs  reporting  shipments  of  water  in  1902^  are  as  follows: 

Bninswi/jk  Mineral  Spring,  Brunswick,  Essex  County. 
Clarendon  Springs,  Clarendon  Springs,  Rutland  County. 
Equinox  Spring,  Manchester,  Bennington  County. 
Middletown  Springs,  Middletown  Springs,  Rutland  County. 
Missisquoi  Mineral  Springs,  Sheldon,  Franklin  County. 
Newfane  or  Vermont  Mineral  Spring,  Putney,  Windham  County. 

The  amount  shipped  is  stated  as  89,100  gallons,  with  a  value  of 
§22,760. 


aPeale,  A.  C,  Mineral  Resources  U.  8.  for  1902,  U.  S.  Geol.  Survey,  1904,  p.  t 
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As  examples  of  these  mineral  waters  the  following  analyses  are  given: 

Analyses  of  Vermont  spring  wains. 


Clarendon  Spring. 

Parte  per 
million. 

1                  Missisqnoi  Spring. 

Parts  per 
mUIion. 

Sodium  chloride 

2.5 

2.0 

.8 

182.2 

36.7 

1.1 

1.8 

11.2 

.8 

Free  carbonic  acid 

45.49 

.38 

2.12 

.60 

6.52 

12.09 

PotasBimn  sulphate 

Sodium  chloride 

Calcium  sulphate 

Calcium  chloride 

Calcium  bicarbonate 

Magnesium  chloride 

Sodium  sulphate , 

Magnesium  bicarbonate 

Maf^ne^ium  chloride , 

Calcium  sulphate 

Iron  bicarbonate 

Aluminium  sulphate 

2.70 

Silica 

Mag^nesium  sulphate 

5.51 

Alumina 

Sodium  phosphate 

Sodium  bicarbonate 

.08 

126. 62 

72.19 

1.40 

3.03 

12.25 

Trace. 

Trace. 

:  Magnesium  bicarbonate 

Manganous  bicarbonate 

Ferrous  bicarlx)nate 

Silica 

Crenic  and  apocrenic  acid 

Titanic  acid 

Ordinary  wells. — Wells  of  any  sort  are  less  common  than  they  would 
be  if  springs  did  not  afford  a  more  convenient  and  better  source  of 
water.  Underground  water  is  everywhere  and  wells  can  be  success- 
fully dug  in  all  parts  of  the  State.  Most  of  the  wells  thus  far  dug  are 
not  deep,  ranging  from  10  to  30  feet,  and  are  usually  wholly  in  the 
drift  or  other  glacial  deposits.  Occasionally  a  well  is  carried  down  into 
the  underlying  rock,  but  not  often. 

The  water  of  wells  is  usually  reported  as  hard  and  almost  always  the 
amount  of  solids  in  well  water  is  much  greater  than  in  spring  water. 
In  some  parts  of  Vermont,  as  on  Grand  Isle,  it  has  been  found  better 
to  dig  very  large,  though  shallow  wells.  Some  of  these  are  16  feet  in 
diameter  and  12  to  15  feet  deep.  In  this  way  more  water  is  procured 
than  would  be  obtained  by  making  a  small  well  and  going  deeper. 

Deep  and  artesian  wclh. — Wells  of  this  class  are  found  most  com- 
monly in  the  Champlain  Valley  and  in  the  stratified  rocks.  The  water 
is  very  often  strongly  impregnated  with  alkaline  salts,  especially  6f 
magnesia  and  lime,  and  is  therefore  very  hard.  Reports  have  been 
received  from  about  100  wells  which  are  over  50  feet  deep.  This 
number,  however,  does  not  include  nearly  all  there  are  in  the  State. 
The  deepest  well  in  the  State  is  one  which  was  bored  for  experimental 
purposes  rather  than  water  by  Dr.  W.  S.  Webb.  It  is  1,400  feet  deep 
and  gives  no  water,  though  only  300  feet  from  the  lake  shore.  A  well 
sunk  not  far  from  the  shore  of  the  lake  by  the  Burlington  Rendering 
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Company  to  a  depth  of  41>()  feet  found  no  water.     In  both  cases  water 
had  to  be  supplied  from  outside  for  the  drilling. 

Only  a  few  of  these  wells  flow,  but  in  a  few  the  water  rises  from  4  to 
18  feet  above  the  mouth  of  the  well.  In  or  near  Burlington  there  are 
16  wells  bored  to  depths  of  from  130  to  496  feet.  At  least  5  of  these 
are  so  strongly  impregnated  with  lime  and  magnesia  salts  that  they 
can  not  well  be  used  for  steam,  since  the  precipitation  of  these  salts 
Alls  the  pipes.  The  water  in  these  wells  is  clear  and  cold  and  is  much 
liked  for  drinking.  It  has  been 
found  very  beneficial  in  some 
cases  of  dyspepsia. 

The  character  of  the  beds 
passed  through  by  these  wells 
was  much  the  same,  but  the 
thickness  of  each  bed  varied 
greatly;  that  is,  the  first  beds 
were  glacial  and  the  last  were 
Cambrian  or  Lower  Beek- 
mantown,  but  in  one  well  the 
glacial  beds  are  only  20  feet 
thick,  while  in  another  they 
are  over  200.  In  the  slate  re- 
gion, which  is  Cambrian,  there 
are  more  deep  wells  than  in  any 
other  part  of  the  State.  Mr. 
J.  P.  Hoadley,  who  has  bored 
more  wells  than  anyone  else  in 
the  State,  tells  me  that  he  has 
bored  over  50  in  the  town  of 
Poultney  alone.  Probably  no 
other  town  has  so  large  a  num- 
ber. As  has  been  noticed, 
most  of  the  deep  wells  are  near 
the  western  border  of  the  State,  in  the  towns  l)ordering  Ijake  Champlain. 
The  usual  cost  of  boring  deep  wells  in  this  State  is  from  $1  to  $5  per 
foot. 

Lake^  and  ponda, — Naturally  many  of  those  who  live  near  Lake 
Champlain  take  water  from  it  by  windmill  or,  more  rarely,  by  steam 
pump.  The  only  town  that  takes  its  supply  from  the  lake  is  Burling- 
ton, the  largest  place  in  the  State.  Here  the  water  is  pumped  by 
steam  to  two  large  reservoirs,  nearly  400  feet  above  the  lake,  from 
which  it  goes  by  gravity  over  the  city. 

IRR  114—05 5 


Fid.  16.— Wnter-bcaring  drift  deix»sita  of  V^crmoiit. 
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An  average  analysis  of  the  water  of  Lake  Champlain  taken  from 
faucet  is  as  follows: 

Analym  of  water  of  Ixike  Champlain. 


Total  solids 

Loss  on  ignition 

Fixed  solids 

Free  ammonia 

Albuminoid  ammonia 
Chlorine 


Parts  per 
million. 


74.1 

18.0 

56.1 
.035 
.143 
.68 


Parts  per 
million. 


Nitrates  0.128 

Nitrites ,        .00 

Sediment («) 

Turbidity I  («) 

Hardness i  4. 3 


«  Very  slight. 

A  few  towns,  as,  for  example,  Brandon  and  Bellows  Falls,  get  water 
from  small  lakes  or  ponds.  Some  of  these  ponds  are  directly  fed  by 
springs  and  are  therefore  very  satisfactory  as  a  source  of  supply. 

Streams. — A  few  towns — Vergennes,  Wells  River,  and  some  others — 
get  water  from  adjacent  streams.  There  seems  to  be  more  danger  of 
contamination  in  this  case,  and  the  supply  is  therefore  less  satisfactory. 

Cisterns, — Cisterns  are  not  much  used  in  this  State,  but  there  are 
some  places  in  which  the  only  other  supply  is  from  wells  which  give 
hard  water,  and  in  these  places  cistern  water  is  used  for  drinking  and 
laundry.  The  whole  number  of  towns  reporting  cisterns  in  use  is 
very  small. 

SUMMAUY. 

It  will  be  seen  from  the  foregoing  statements  that  the  questions 
which  the  necessity  for  wholesome  and  abundant  water  for  domestic 
pui*poses  raise  in  many  parts  of  the  country  are  not  important  in 
Vermont.  Fivery where,  except  in  a  few  places,  water  is  abundant  in 
quantity  and  excellent  in  quality.  Many  towns  allow  a  large  quantity 
of  cool,  clear,  pure  spring  water  to  run  to  waste  because  there  is  no 
use  for  it.  But  the  conditions  under  which  this  ample  supply  exists 
are  extremely  interesting  and  deserve  extended  study. 

As  has  been  noted,  most  of  the  wells  and  springs  are  located  in  the 
glacial  deposits.  These  are  often  very  thick.  Some  of  the  wells  have 
gone  through  200  feet  or  more  of  these  deposits  before  reaching  the 
underlying  rock.  For  example,  one  of  the  four  deep  wells  at  Fort 
Ethan  Allen  wa^  bored  through  221  feet  of  sands  and  clays  and  then 
went  over  150  feet  into  the  ledge  below.  Few  wells  except  those  of 
considerable  depth  go  into  tlie  rock.  Most  either  stop  in  hardpan 
some  distance  above  the  rock  or  go  just  to  the  ledge,  but  rarely  into 
it,  and  in  those  cases  where,  in  the  hope  of  getting  more  water,  the 
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rock  has  been  entered,  the  result  has  ;iot  always  been  satisfactory,  no 
increase  in  amount  of  water  being  gained.  In  some  wells  that  have 
been  carried  a  short  distance  into  the  rock  more  and  better  water  has 
been  obtained,  but  such  cases  are  the  exception.  The  above  applies 
only  to  shallow  wells.  In  the  deep  wells  often  the  volume  of  water 
flowing  has  been  increased  by  boring  deeper.  This  is,  however,  by 
no  means  always  true.  In  the  reports  of  several  deep  wells  we  find 
that  as  much  or  more  water  was  found  at  200  feet  as  at  300  or  more. 
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MASSACHUSETTS  AND  RHODE  ISLAND. 


By  W.  O.  Crosby. 


Since  Rhode  Island  is  half  encircled  by  Massachusetts  and  presents 
no  essentially  distinctive  topographic  or  geologic  features,  the  two 
States  may  best  be  treated  as  a  unit  in  a  preliminary  study  of  their 
underground  waters. 

GEOIiOGY. 

In  a  broad  way  Massachusetts  and  Rhode  Island  may  be  subdivided, 
according  to  the  relief  of  the  land,  into  a  number  of  belts,  each  marked 
by  its  own  characteristic  geology  and  topography.  The  westernmost 
of  these  may  be  termed  the  Berkshire  Hills.  These  are  a  series  of  high 
mountainous  ridges  lying  in  the  extreme  western  part  of  the  State, 
the  rocks  of  which  consist  of  strongly  folded  and  faulted  quartzites, 
limestones,  slates,  schists,  etc.,  mostly  of  Paleozoic  age,  which  by 
Hieir  erosion  have  given  rise  to  the  rugged  topography  characterizing 
the  region.  To  the  east  the  Berkshire  Hills  grade  off  into  a  less  rugged 
and  somewhat  lower  region  of  similar  rocks  and  structure,  which 
extends  to  the  borders  of  the  Connecticut  Valley  lowlands.  These 
lowlands  are  marked  in  general  by  the  presence  of  soft  reddish  Triassic 
sandstones  and  shales,  with  an  occasional  trap  bed  forming  the  ridges. 
They  extend  from  the  Connecticut  line,  where  they  have  a  width  of 
20  miles  or  more,  northward  to  their  termination,  a  few  miles  south 
of  the  New  Hampshire  line.  East  of  the  Connecticut  Valley  a  belt 
of  folded  sedimentary  or  metamorphic  rocks  is  first  encountered, 
l)e3'ond  which  the  broad  crystalline  belt,  consisting  largely  of  igneous 
rocks,  but  including  many  altered  sedimentary  beds,  extends  eastward 
to  the  coast.  In  the  vicinity  of  Boston,  and  extending  southwest  ward 
for  some  distance,  and  again  in  the  vicinity  of  Narragansett  Bay,  and 
in  the  region  to  the  northeast,  there  are  considerable  areas  of  Carbon- 
iferous sandstones,  conglomerates,  and  slates.  Cape  Cod  and  a  portion 
of  the  adjacent  region  consist  superficially  entirely  of  gravel,  sands, 
etc.,  of  glacial  derivation. 

Over  the  whole  of  the  surface  of  the  State  is  spread  a  mantle  of 
drift  left  by  the  glaciers  which  once  covered  the  region.     This  is  of 
68 
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two  types,  a  distinction  being  made  between  till,  bowlder  clay,  or  hard- 
pan,  as  it  is  variously  known,  and  the  different  forms  of  vstratitied 
drift,  including,  besides  more  or  less  distinctly  stratified  gravel  and 
sand,  large  amounts  of  bedded  clay  or  rock  flour.  The  till  is  a  nearly 
universal  deposit.  It  attains  its  greatest  average  thickness  on  the 
upland  surfaces,  and  its  maximum  thickness  in  the  rounded  hills 
known  as  drumlins  and  in  moraines  left  by  the  ice  sheet  which  once 
covered  the  region.  In  the  valleys  and  over  the  lowland  generally 
the  till  is  to  a  large  extent  covered  and  concealed  by  the  stratified 
drift.  Except  in  moraines,  the  till  is  prevailingly  well  compacted,  a 
true  hardpan,  and  contains  enough  clay  and  rock  flour  to  make  it 
essentially  impervious.  Hence,  save  where  it  contains  layers  of  gravel 
or  sand,  it  must  be  reckoned  as  an  unreliable  water  horizon  as  far  as 
large  volumes  are  concerned,  but  it  is  nevertheless  the  source  of  sup- 
ply of  thousands  of  small  wells  used  for  domestic  and  farm  purposes. 
Its  chief  function,  however,  is  to  impound  and  to  control  or  direct  the 
movement  of  the  water  of  overlying  sands  and  gmvels. 

Of  the  stratified  drift,  the  coarser  phases,  including  the  gravel  and 
sand  and  much  of  the  rock  flour,  are  confined  chiefly  to  the  valleys  and 
to  the  lower  portions  of  the  surface,  occurring  largely  as  overwash 
and  delta  plains,  formed  by  glacial  streams. 

WATER  SUPPIilES. 
AREAS  CONSIDERED. 

The  drift  is  by  far  the  most  important  and  reliable  source  of 
underground  waters,  and  this  fact  makes  the  tracing  and  detailed 
mapping  of  these  deposits  a  matter  of  special  interest.  The  principal 
areas  only  may  be  mentioned  here.  These  are  the  Berkshire  Valley; 
the  valleys  of  the  Connecticut  and  its  principal  tributaries,  where  the 
flood  plains  and  terraces  have  their  chief  development;  the  Nashua 
Valley,  with  the  delta  plains,  etc.,  of  glacial  Lake  Nashua;  the  Mer- 
rimac  Valley,  wdth  widespread  delta  and  overwash  plains;  the  Boston 
Imsin,  with  the  delta  plains  formed  at  many  different  levels  in  the 
series  of  glacial  lakes  once  existing  there;  the  overwash  and  other 
plains  of  the  Blackstone  Valley  and  the  basin  of  Narragansett  Ba}^; 
the  widely-extended  plains  of  varied  origin  in  southeastern  Massa- 
chusetts and  on  Cape  Cod  north  of  the  inner  momine;  the  overwash 
or  apron  plains  of  the  inner  moraine  on  Cape  Cod,  east  of  Woods 
Hole;  and  the  similar  plains  of  the  outer  moraine,  on  the  south  sides 
of  Marthas  Vineyard  and  Nantucket. 

The  Pleistocene  or  glacial  clays  are  normallv  composed  in  large 
part  of  rock  flour;  but  in  spite  of  this  fact  they  nmst  be  regarded  as 
practically  imi>ervious  and  of  no  interest  as  available  sources  of 
underground  water,  ranking  even  below  the  till  iji  this  respect.     It  is 


Digitized  by  VjOOQIC 


70  UNDERGROUND    WATERS,   EASTERN   UNITED   STATES.      [no.  114. 

fortunate,  therefore,  that  the  glaeial  clays  have  deen  deposited  at  rela- 
tively low  levels  and  in  the  coastal  areas,  mainly  below  sea  level. 
Water  is  occasionally  obtained  from  sand  or  gravel  underlying  the 
clays,  in  which  case  it  may  have  considerable  head. 

BERKSHIRE   VALLEY. 

This  is  an  area  of  complexly  folded  and  faulted  sedimentary  fonna- 
tions,  mostly  of  early  Paleozoic  age,  including  in  succession  a  basal 
Cambrian  quartzite  outcropping  along  the  east  side  of  the  valley,  the 
great  crystalline  Cambro-Ordovician  limestone  forming  the  floor  of 
the  valley  at  most  points,  and  the  metamorphic  slates  and  schists  of 
the  Greylock  and  Taconic  ranges.  Although  the  quartzite  is  in  part 
of  a  distinctly  friable  and  permeable  character,  as  is  so  w^ell  shown 
where  it  is  quarried  as  a  glass  sand,  and  is,  therefore,  entitled  locally 
to  some  consideration  as  a  water  horizon;  the  topographic  relations 
of  the  limestone  to  the  valley,  regardless  of  other  considerations, 
determine  it  as  the  chief  bed-rock  source  of  water.  Its  crystalline 
texture  makes  the  limestone  practically  impervious  and  limits  its 
water-bearing  capacity  to  joints  and  fault  fissures,  which,  however, 
may  be  appreciably  widened  by  solution.  The  structure  is  not  very 
favorable  to  artesian  flows,  except  perhaps  very  locally.  Though 
somewhat  uncertain  in  its  occurrence  water  is  usually  found  in  the 
deeper  wells.  It  is  possible  that  borings  through  the  limestone  at  cer- 
tain points  might  develop  artesian  sources  in  the  underlying  quartzite. 
The  rock  waters  of  the  Berkshire  Valley  are,  in  general,  distinguished 
by  their  hard  or  calcareous  character,  and  considerations  of  quantity 
and  quality  combine  to  make  them  relatively  unimportant. 

The  drift  of  the  Berkshire  region  is  chiefly  till,  and  the  stratified 
drift  is  mainly  confined  to  the  bottoms  of  the  valleys,  being  most 
abundant,  as  a  rule,  where  the  valleys  are  broadest,  as  in  the  latitude 
of  Williamstown  and  North  Adams,  at  elevations  below  860  feet;  of 
Pittsfield  and  Richmond,  mainly  below  1,000  feet;  and  of  Lenox  and 
Lee,  where  existed  glacial  Lake  Housatonic  at  an  elevation  of  about 
1,000  feet.  South  of  Great  Barrington  the  stratified  drift,  with  a  nor- 
mal elevation  of  700  feet,  and  a  breadth  varying  from  1  to  2  miles,  is 
continuous  to  the  State  line  and  beyond.  The  topographic  relations  of 
these  deposits  insures  to  them  not  only  the  precipitation  belonging  to 
their  areas,  but  also  a  large  part  of  the  rainfall  on  the  bordering 
slopes  of  till,  and  since  their  own  contours  determine  a  shallow  water 
table,  it  follows  that  they  must  be  regarded  as  very  important  and 
readily  available  reservoirs  of  the  ground  water.  As  in  other  lime- 
stone regions,  the  drift  is  more  or  less  calcareous,  as  is  evidenced  at 
times  by  its  local  cementation,  but  rarely  to  such  a  degree  as  to  make 
the  water  sensibly  hard. 
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CONNECTICUT   VALLEY. 

The  great  thickness  in  this  valley  of  arenaceous  strata,  characterized 
throughout  by  moderate  monoclinal  dips,  is  very  suggestive  of  artesian 
conditions.  It  does  not  appear,  however,  that  this  can  fairly  be 
described  as  an  artesian  basin,  although  in  many  wells  the  water  rises 
nearly  to  the  surface  and  occasionally  flows.  The  best  wells  are  in  the 
sandstone  areas.  In  the  conglomerate  or  arkose  areas  even  the  deep 
wells  sometimes  fail  to  obtain  water.  The  waters  are  always  hard, 
especially  in  the  shales,  and  it  is  frequently  impossible  to  use  them  in 
boilers. 

The  drift  of  this  great  valley,  as  previously  noted,  is  chiefly  stratified, 
the  unmodified  drift  or  till  being  almost  entirely  restricted  to  the 
lenticular  hills  or  drumlins,  of  which  there  are  several  notable  groups; 
and  the  modified  or  stmtified  drift,  occurring  in  the  forms  of  lake 
beds,  deltas,  terraces,  and  flood  plains,  attains  in  places,  and  especially 
in  the  axis  of  the  valley,  a  considerable  thickness.  In  fact  it  is  one  of 
the  principal  storage  reservoirs  of  New  England,  a  large  majority  of 
the  successful  wells,  as  well,  probably,  as  most  of  the  springs,  deriving 
their  water  from  it.  Over  a  large  part  of  the  valley,  and  especially 
on  the  low-lying  plains  as  distinguished  from  the  terraces,  the  water 
table  is  near  the  surface,  and  shallow  wells  afl'ord  an  unfailing  supply. 
The  drift  watere  are  nearly  always  soft. 

EASTERN   AND   WESTERN   HIGHLANDS. 

The  western  highlands  include  the  elevated  hilly  region  between  the 
Berkshire  Hills  and  the  Connecticut  Valley  belt,  while  the  eastern 
highlands  embrace  the  similar  but  less  hilly  region  to  the  east  of  that 
valley. 

The  two  regions  are  alike  in  having  igneous  and  metamorphic  bed 
rock,  thinly  covered  with  till  on  the  uplands.  The  modified  drift  is 
confined  chiefly  to  the  valle3^s  and  is  naturally  most  abundant  in  the 
broader  valleys  of  the  eastern  highlands.  This  is,  as  usual,  the  chief 
and  most  available  source  of  the  ground  water;  and  it  is  partly  for 
this  reason  that  we  find  the  population  massed  upon  it,  the  till  of  the 
uplands,  as  a  rule,  supporting  only  a  sparse  farming  population. 
During  the  recession  of  the  ice  sheet  the  conditions  favored  the 
development  of  temporary  glacial  lakes  in  the  valleys,  especially  of 
the  eastern  highlands,  and  at  all  elevations  up  to  1,000  feet  or  more; 
and  thus  may  be  explained  bodies  of  modified  drift  of  exceptional 
volume  and  depth,  lying  sometimes  at  such  elevations  as  to  make  them 
important  storage  reservoirs  for  ground  water. 

Although  everywhere  relatively  superficial,  the  ground  water  is 
naturally  pure  and  soft,  and  a  study  of  the  topographic  map  shows 
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relativel}-  little  obstructed  drainage  with  consequent  swampy  condi- 
tions and  peuty  waters.  On  the  other  hand,  the  frequently  dense 
village  populations  on  the  narrow  and  shallow  valley  deposits  of  sand 
and  gravel  present  conditions  especially  favorable  to  contamination  of 
the  ground  water  and  suggest  the  introduction  of  a  public  supply  from 
similar  deposits  farther  up  the  valley,  or  from  the  surface  streams  or 
ponds  of  the  uplands.  The  till  of  the  uplands,  derived  from  meta- 
morphic  and  highly  quartzose  formations,  is  doubtless  of  an  excep- 
tionally arenaceous  and  porous  texture,  and  this  feature,  supplemented 
by  occasional  interbedded  and  superficial  layers  of  washed  material, 
will  readily  account  for  the  water  supply,  often  copious  and  excellent, 
of  the  farms. 

NASHUA    VALLEY. 

This  valley  is  excavated  along  a  belt  of  altered  slaty  rocks  in  north- 
east Massachusetts.  It  is  a  relatively  limited  and  simple  tract,  lying 
in  the  valley  of  the  northward  draining  Nashua  River,  and  hence  pre- 
senting exceptionally  favomble  conditions  for  the  development  of 
glacial-lake  phenomena,  including  broad  and  deep  deltas  or  sand  plains. 
These  occur  at  various  levels,  but  are  mther  limited  in  extent  al>ove 
440  feet,  and  have  their  chief  development  below  370  feet.  Above 
the  lake  levels  stratified  gravels  and  sands  occur  but  scantily,  and  the 
till  or  hardpan,  derived  largely  from  slaty  rocks,  is  of  a  relatively 
argillaceous  and  impervious  character. 

Bed-rock  wells,  whether  sunk  in  the  slaty  rocks  or  in  the  bordering 
schist  and  granite,  must  in  general  be  of  little  value,  and,  as  on  the 
highlands,  artesian  conditions  do  not  exist  except  perhaps  very  locally', 
where  the  rocks  are  traversed  by  favorable  fissures. 

COASTAL    LOWLANDS. 

In  density  of  population  and  consequent  demand  for  water  this  area 
leads  all  the  rest.  But  the  concentration  of  the  population  in  cities 
necessitates  the  extensive  utilization  of  surface  waters,  while  the 
ground  waters  have  been  found  available  chiefly  for  the  smaller  com- 
munities and  private  interests.  This  is  a  region  of  crystalline,  igneous, 
and  metamorphic  rocks,  with  the  exception  of  the  sedimentary  depos- 
its, chiefly  conglomerates  and  slates  of  Carboniferous  age,  of  the  Bos- 
ton, Norfolk,  and  Narragansett  baijins.  Deep  rock  wells  are  more 
common  in  this  region,  especially  in  the  vicinity  of  Boston,  than  in 
any  other  part  of  New  England.  On  the  crystalline  formations  the 
proportion  of  decidedly  successful  wells  is  not  large,  and  the  result 
of  a  boring  can  not  be  predicated.  In  the  Carboniferous  slates,  as 
proved  by  numerous  examples  in  Boston,  Cambridge,  etc.,  there 
are  very  few  successful  wells,  the  water  being  almost  invariably  infe- 
rior in  both  quality  and  quantity.     In  the  conglomerate  series  are 
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many  good  wells  and  comparatively  few  failures.  In  no  case,  prob- 
ably, are  the  rock  waters  yielded  chiefly  by  interstitial  flow;  the  good 
wells  are  those  that  intersect  favorable  systems  of  joints  and  other 
fissures,  and  in  this  connection  it  may  be  noted  that  the  joint  structure 
of  the  conglomerate  is  exceptiwaally  distinct  and  open. 

This  is  a  region  of  abunditit*' drift  deposits.  The  stratified  drift, 
including  sand  and  gravel  wliidt  is  largely  referable  to  glacial  lakes 
or  local  apron  plains,  is  widespread  and,  as  usual,  is  the  principal 
source  of  the  ground  water,  supplying  even  some  of  the  larger  cities, 
such  as  Lowell  and  Providence.  These  deposits,  as  previously  noted, 
l)ecome  more  continuous  southward  in  the  region  of  Narragansett  Bay 
and  Cape  Cod  Bay,  and  attain,  no  doubt,  a  considerable  thickness. 
They  may  be  regarded  as  a  vast  and  practicall}^  inexhaustible  reser- 
voir of  water,  which,  with  a  uniformly  shallow  water  table,  is  readily 
available  by  pumping  and  far  exceeds  in  quantity  the  demands  of  the 
present  population.  These  statements  maj^  be  repeated  for  the  great 
apron  plains  south  of  the  terminal  momine,  on  the  south  side  of  Cape 
Cod,  and  on  Marthas  Vineyard  and  Nantucket. 

NORMAL  CHLORINE. 

The  normal  chlorine,  or  maximum  proportion  of  chlorine  (present 
as  common  salt  or  sodium  chloride)  which  may  exist  in  an  uncon- 
taminated  water,  usually  varies  inversely  as  the  distance  from  the  sea, 
the  range  for  Massachusetts  being  from  2.42  parfc?  per  100,000  at 
Provincetown  and  2.16  parts  on  Nantucket  to  0.06  parts  in  Berkshire 
County.  The  normal  chlorine  not  only  depends  upon  the  proximity  to 
the  coast,  but  it  is  highest  on  the  salient  and  most  exposed  parts 
of  the  coast,  where  the  surf  breaks  heavily  and  the  salt  spray  is 
wafted  inland  most  freely.  Higher  amounts  than  those  indicated  are 
due  either  to  peculiarities  of  the  rocks  or  drift  from  which  the  water 
comes  or  to  pollution  by  sewage.  In  New  England  it  is  commonl}^ 
the  latter  which  gives  rise  to  high  chlorine,  and  waters  containing  this 
constituent  in  amounts  distinctly  above  the  normal  should  be  avoided 
for  domestic  purposes. 

MINERAL  SPRINGS. 
MASSACHUSETTS. 

Massachusetts  has  the  distinction  of  possessing  a  larger  number  of 
springs  from  which  waters  are  shipped  than  any  other  State  in  the  coun- 
try. In  1902  there  were  75  such  springs  that  reported  shipments,  the 
next  largest  number  being  56,  in  New  York.  One  reason  for  the 
large  number  of  springs  reporting  sales  lies  in  the  fact  that  many  of 
them  are  located  near  cities  in  which  the  demand  for  spring  waters  for 
table  purpose^*  is  very  large.     The  total  sales  in  the  year  mentioned 
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amounted  to  8,475,365  gallons,  having  a  value  of  $562,973.    Following 
is  a  list  of  the  springs  reporting: « 

Abbotts  Spring,  Methuen,  Essex  County. 

Arctic  Polar  Spring,  Spencer,  Worcester  County. 

Ballardvale  Lithia  Spring,  Andover,  Essex  County. 

Beach  Hill  Spring,  Stoneham,  Middlesex  County. 

Beaver  Dam  Spring,  Scituate,  Plymouth  County. 

Belmont  Crystal  Spring,  Belmont,  Middlesex  County. 

Belmont  Hill  Spring,  Everett,  Middlesex  County. 

Belmont  Natural  Spring,  Belmont,  Middlesex  County. 

Berkshire  Crystal  Spring,  SheflSeld,  Berkshire  County. 

Berkshire  Sodium  Spring,  SheflSeld,  Berkshire  County. 

Bo<lwell  Spring,  Lawrence,  Essex  County. 

Burnham  Spring,  Methuen,  Essex  County. 

Chapnian*s  Crystal  Mineral  Spring,  Stoneliam,  Middlesex  County. 

Crystal  Mineral  Spring,  Methune,  Essex  County. 

Crystal  Spring,  Brockton,  Plymouth  (bunty. 

Deep  Rock  Spring,  Lynnfield  Center,  Suffolk  County. 

Diamond  Spring,  I^wrence,  Essex  County. 

El-azhar  (formerly  Sheep  Rock)  Spring,  Lowell,  Middlesex  County. 

Electric  Spring,  Lynn,  Essex  County. 

Everett  Crystal  Spring,  Everett,  Middlesex  County. 

Farrington*s  Silver  Spring,  Milton,  Norfolk  County. 

Fulton  Natural  Spring,  Med  ford,  Middlesex  County. 

Garfield  Spring,  Weymouth,  Norfolk  County. 

Geddes  Mineral  Spring,  Marlboro,  Middlesex  County. 

Goulding  Spring,  Whitman,  Plymouth  County. 

Highland  Spring,  North  Abington,  Plymouth  County. 

Howe  Spring,  Millbury,  Worcester  County. 

Howland  Spring,*  Dartmouth,  Bristol  County. 

Hygeia  Artesian  Well,  Springfield,  Hampden  County. 

Ingersoll  Grove  Spring,  Sj)ringfield,  Hampilen  County. 

Katahdin  Spring,  Lexington,  Middlesex  County. 

King  Philip  Spring,  Mattapoisett,  Plymouth  County. 

Lakoo  Indian  Crystal  Spring,  Lawrence,  Essex  G)unty. 

Lang  Moore  Spring,  Natick,  Middlesex  County. 

Larchmont  Spring,  Lexington,  Middlesex  County. 

Inland  Spring,  Natic,  Middlesex  County. 

Lexington  Spring,  Lexington,  Middlesex  County. 

Linden  Mineral  Spring,  Linden,  Middlesex  County 

Lovers'  Leap  Springs,  Lynn,  Es8t»x  County. 

Magnolia  Spring.  Gloucester,  Essex  County. 

Massasoit  Spring,  West  Springfield,  Hampden  County. 

Middlesex  Mountain  Spring,  Medford,  Middlesex  County. 

Milton  Spring,  Milton,  Norfolk  County. 

Monatiquot  Spring,  South  Braintree,  Norfolk  County. 

Moose  Hill  Spring,  Swampscott,  Essex  County. 

Mount  Blue  Spring,  Hingham  Center,  Plymouth  County. 

Mount  Holyoke  Lithia  Spring,  South  Hadley,  Hampshire  County. 

Mount  Orient  Spring,  Pelham,  Hampshire  County. 

Mount  Pleasant  Spring,  Lowell,  Middlesex  County. 


n  Peiilc,  A.  C,  Mineml  waters  U.  S.  for  1902,  U.  S.  Qeol.  Survey,  1904,  p.  99(i. 
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Mount  Washington  Cold  Spring,  Chelsea,  Suffolk  County. 

Mylos  Standish  Spring,  South  Duxbury,  Plymouth  C'ounty. 

Na^hoba  Minerel  Spring,  Westford,  Middlesex  County. 

Nemasket  Springs,  Middleboro,  Plymouth  County. 

N(>])8Cot  Mountain  Spring,  Framingham,  Middlesex  County. 

Norwood  Spring,  Norwood,  Norfolk  County. 

Pearl  Hill  Mineral  Spring,  Fitchburg,  Worcester  County. 

Pepperell  Mineral  Spring,  Pepperell,  Middlepex  County. 

Pequot  Spring,  North  Natic,  Middlesex  County. 

Purity  Spring,  Spencer,  Worcester  County. 

Ravenwood  Spring,  Gloucester,  Essex  County.. 

Robbings  Spring,  Arlington  Heights,  Middlesex  County. 

Sager  Spring,  I>anvers,  Essex  County. 

Sand  Spring,  Williamstown,  Berkshire  County. 

Shawmut  Spring,  West  Quincy,  Norfolk  County. 

Silver  Seal  Spring,  Woburn,  Middlesex  County. 

Simpson  Spring,  South  Easton,  Bristol  County. 

Smiley  Spring,  Haverhill,  Essex  County. 

Steavens's  Spring,  Lawrence,  Essex  County. 

Sunnyside  Spring,  Franklin,  Norfolk  County. 

Swampscott  Spring,  Swampscott,  Rssex  County. 

Trapelo  Spring,  Belmont,  Middlesex  County. 

Undine  Crystal  Spring,  Brighton,   Suffolk  County. 

Valpey  Spring,  Woodland,  Lawrence,  Essex  County. 

Whitman  Spring,  Whitman,  Plymouth  County. 

Wilbraham  Mountain  Spring,  Wilbraham,  Hampden  County. 

RHODE  ISLAND. 

The  number  of  springs  reporting  sales  in  1902  in  this  State  is  four. 
They  are  as  follows: 

Berry  Spring,  Paw  tucket.  Providence  County. 

Gladstone  Spring,  Narragansett  Pier,  Washington  County. 

Holly  Mineral  Spring,  Woonsocket,  Providence  County. 

Ochee  Mineral  and  Medicinal  Springs,  Johnston,  Providence  County. 

The  total  sales  reported  amount  to  244,212  gallons,  having  a  value 

of  $26,588.« 
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CONNECTICUT. 


By  H.  E.  Gregort. 


A  study  of  the  water  resources  of  Connecticut,  bailed  on  a  large 
number  of  records  of  wells  and  springs,  shows  that  next  to  rainfall 
the  nature  of  the  rocks  or  deposits  is  the  factor  of  greatest  importance. 
In  fact  the  character  and  availability  of  the  water  supply  are  directly 
dependent  upon  two  geologic  factors— the  composition  of  the  rock  or 
other  material,  and  the  number  of  fault  or  joint  fissures  it  may  possess. 

RArNFAIili. 

The  annual  rainfall  in  Connecticut  is  46.89  inches.  This  is  distrib- 
uted throughout  the  year  as  follows:  January,  4.28;  February,  3.94; 
March,  4.23;  April,  3.53;  May,  4.03;  June,  2.95;  July,  4.42;  August, 
4.30;  September,  3.34;  October,  4.04;  November,  4.48;  December, 
3.44.  This  is  sufficient,  when  taken  in  connection  with  small  evapora- 
tion, to  form  a  constant  supply  for  the  streams  of  the  State,  which 
carry  off  about  40  per  cent  of  the  water  that  falls,  and  to  furnish 
abundant  ground  water.  So  that,  so  far  as  Connecticut  is  concerned, 
the  available  water  supply  depends  on  the  capacity  of  the  rock  and 
the  surface  cover  of  land  waste  to  hold  the  water. 

GEOIX>GY  AISTD  WATER  SUPPIiY. 

Geologic  mihdiimions, — As  to  the  characteristics  of  rock  structure 
which  affect  underground  water,  Connecticut  is  divided  into  three  part^: 
The  limestone  (Stockbridge  dolomite)  area  of  the  upper  Housatonic 
Valley,  the  Triassic  sandstone  area  of  the  Connecticut  Valley  lowland, 
and  the  crystalline  area  of  metamorphic  rocks  occupying  the  remainder 
of  the  State.  A  small  area  in  the  valley  of  Pomperaug  River  has  the 
same  characteristics  as  the  Connecticut  Valley  lowland.  The  map, 
fig.  17,  shows  the  distribution  of  the  different  classes  of  rock. 

LimeHtone  area. — The  parts  of  the  State  underlain  by  the  limestone 
are  not  densely  populated.  They  contain  no  large  cities,  and  the  chief 
pursuits  are  dairying  and  mixed  farming.  The  limestone  rock  varies 
greatly  m  its  water-bearing  capacity,  and  wells  have  usually  to  be 
sunk  to  a  considerable  depth  before  a  supply  is  assured.  Of  nine  wells 
selected  as  typical,  four  are  over  150  feet  in  depth  (155,  171,  182,  210 
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feet,  respectively),  and  only  one  is  less  than  50  feet.  When  wells  are 
sunk  this  deep  the  supply  is  plentiful  and  does  not  vary  with  the 
seasons.  The  water  is  hard,  containing  calcium,  magnesium,  and 
iron.  The  springs  issuing  from  rock  in  the  limestone  area  show 
abundant,  constant  flow  and  low  temperature.  In  one  case  an  invari- 
able temperature  of  45  degrees  is  reported. 

Trias»ic  sandstone  area. — The  bed  rock  of  the  Connecticut  Valley 
lowland  is  sandstone  with  interbedded  basalts  and  intruded  diabases. 
The  sandstone  varies  in  texture  from  coarse  conglomerate  to  fine  clay 
shales  and  is  sufficiently  porous  to  hold  20  to  30  per  cent  of  its  volume 
of  water.  For  this  area  it  seems  to  be  true  that  the  deeper  the  well 
the  more  abundant  the  water  supply  down  to  about  500  feet,, and  that 


Fig.  17.— Areaa  of  limestone,  sandstone,  and  crystalline  rock  water  supplies  of  Connecticut. 

there  are  no  distinct  water-bearing  beds.  Wells  are  all  deep,  averag- 
ing for  the  whole  area  over  100  feet.  One  well  at  New  Haven  was 
sunk  to  a  depth  of  4,000  feet  by  the  Winchester  Arms  Company  in  an 
unsuccessful  effort  to  obtain  a  flowing  well.  The  conditions  for 
artesian  water  are  better  in  the  Triassic  rocks  than  elsewhere  in  Con- 
necticut, but  are  very  unfavorable.  While  it  is  true  that  the  sandstones 
contain  abundant  water,  yet  their  composition,  texture,  and  position 
are  extremely  irregular.  They  are  not  arranged  in  definite  series,  and 
they  have  been  shattered  by  the  forces  which  produced  the  faults  in 
the  valley.  There  is,  therefore,  no  continuity  of  stratification  and 
no  arrangement  of  water-bearing  beds  favorable  for  artesian  wells. 
The  practice  among  well  drillers  in  Triassic  rock  is  to  sink  the  well 
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20  to  50  feet  below  the  first  suppiy  of  water,  so  as  to  have  a  reservoir 
below.  Most  of  the  deep-drilled  wells  afford  a  constant  supply,  but 
two  wells  show  a  decrease  and  five  an  increase  since  they  were  made. 
The  cost  of  60  selected  wells  averages  $280.80,  and  the  cost  of  pump- 
ing apparatus  $240.20.  More  than  half  of  the  wells  in  sandstone 
supply  hard  water.  Springs  in  the  sandstone  area  that  are  known 
to  issue  from  rock  come  up  along  deep-seated  cracks  and  are  much 
colder  than  the  springs  formed  in  glacial  materials. 

The  Triassic  area,  although  it  constitutes  one-fifth  of  the  State, 
contains  one-third  of  the  population  and  the  most  productive  farms 
(averaging  $20  per  acre  in  annual  value  of  crops),  as  well  as  the 
largest  cities.  It  is  the  tobacco  center,  the  manufacturing  center,  and 
the  railroad  center  of  the  State,  and  is  steadily  increasing  in  popula- 
tion. The  water  supply  is  the  best  in  the  State,  but  because  of  the 
growing  population  it  is  becoming  an  important  economic  problem. 
At  present  the  large  cities  are  supplied  by  lakes  and  other  surface 
waters,  in  some  cases  brought  from  considerable  distances.  These 
supplies  are  not  inexhaustible  and  studies  of  other  sources  are  being 
made.  The  very  marked  difference  in  character  and  density  of  popu- 
lation in  the  Connecticut  Valley  lowland  and  the  crystalline  highland 
is  due  partly  to  the  conditions  which  control  the  water  supply. 

Crystalline  area. — As  shown  on  the  map  the  area  underlain  by  met-, 
amorphic  crystalline  rocks  constitutes  a  large  portion  of  the  State. 
These  rocks  are  remarkably  variable  in  texture,  are  folded,  twisted, 
broken,  and  cut  by  ancient  intrusions  and  veins,  and  do  not  furnish 
favorable  water-bearing  conditions.  Moreover  the  run-off  constitutes 
a  larger  part  of  the  rainfall  than  in  the  sandstone  or  limestone  areas. 
The  wells  for  which  records  are  collected  in  the  crystalline  rocks  (gneiss, 
mica-schist,  etc.)  average  125.8  feet  in  depth,  and  the  prim^ipal  water 
horizon  lies  107  feet  below  the  surface.  Some  of  the  deepest  wells 
show  no  water  below  the  first  water  horizon.  Of  34  typical  wells,  25 
contain  hard  water,  2  show  sulphur  traces,  4  iron.  The  average  cost 
of  drilling  these  wells  is  $678  and  of  the  pumping  apparatus,  $162. 
Some  wells  have  been  sunk  in  the  crystalline  area  which  have  resulted 
in  complete  failure  after  the  expenditure  of  thousands  of  dollars.  The 
conditions  governing  the  How  of  underground  water  in  metamorphic 
rocks  are  not  well  understood,  and  it  is  hoped  that  armngements  can 
be  made  to  investigate  the  water  resources  of  this  area,  especially  along 
the  coast  line,  where  the  summer  population  is  increasing  yearly. 

Springs  in  the  crystalline  area  known  to  issue  from  rock  are  fairly 
abundant  and  yield  an  unfailing  supply.  Nearly  all  of  those  which 
have  been  examined  are  located  along  lines  of  faulting  and,  judging 
from  their  constant  low  temperature,  come  from  considerable  depth. 

With  the  exception  of  the  valleys  possessing  water  power,  the  crys- 
talline area  is  given  over  to  mixed  farming,  and  the  population  is 
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scattered  and  in  many  places  is  decreasing.  The  State  of  Connecti(;ut 
has  added  162,000  to  its  population  in  thdast  ten  years,  yet  during 
that  time  55  townships  located  on  the  crystallines  have  decreased  in 
population.  One  whole  count}^  (Tolland)  showed  a  net  decrease  of 
about  1,400  between  the  years  1890  and  1900.  The  value  of  farm 
products  on  the  crystalline  uplands  has  increased  somewhat  during 
the  past  decade,  yet  it  barely  exceeds  $10  per  acre,  and  the  proportion 
of  improved  land  to  total  area  is  less  than  10  per  cent. 

I'^aults, — Connecticut  is  traversed  by  sets  of  fault  planes  running  in 
three  or  four  principal  directions.  The  breaks  have  produced  pro- 
found effects  on  the  topography  and  exert  a  marked  influence  on  the 
water  resources.  They  control  in  part  the  direction  of  Connecticut 
rivers  and  are  the  chief  cause  for  the  many  deep,  cold  springs  of  the 
State,  and  especially  of  the  mineral  springs  used  for  table  waters. 
The  springs  near  South  Britain,  those  which  supply  water  to  the  vil- 
lage of  Collinsville,  and  the  Stafford  springs  are  examples  of  those 
which  are  believed  to  owe  their  origin  to  deep-seated  fault  cmcks. 
Springs  from  such  deep  sources  form  valuable  water  supplies  and  a 
study  is  being  made  of  their  distribution  and  character  and  of  means 
for  their  fuller  utilization. 

Water  supply  of  the  drift. — The  entire  State  of  Connecticut  has 
been  overridden  by  the  ice  of  the  Glacial  epoch,  and  this  fact  has  greatly 
affected  the  water  supply.  The  numerous  lakes,  ponds,  swamps,  and 
many  of  the  smaller  streams  owe  their  position  and  their  very  exist- 
ence to  the  continental  ice  sheet.  Of  particular  value  to  man  are  the 
hundreds  of  lakes,  which  constitute  the  principal  water  supply  for 
cities  and  villages.  The  sqil  of  Connecticut  also  dates  from  the  Glacial 
epoch,  and  its  character  as  a  water  bearer  is  determined  by  this  circum- 
stance. The  bed  rock  is  covered  nearly  everywhere  by  one  of  two 
kinds  of  glacial  material:  (1)  Till,  which  was  deposited  directly  by  the 
ice,  and  which  is  a  heterogeneous,  unassorted  mass  of  bowlders  of 
different  sizes  embedded  in  clays  of  variable  texture  and  composition; 
(2)  stratified  drift,  which  is  made  up  of  sands,  gravels,  and  clays, 
sorted  as  to  size  and  deposited  in  layers,  and  which  owes  its  structure 
to  the  fact  that  it  wa«  deposited  by  water. 

The  till  occupies  all  the  highlands  of  the  State,  forming  a  mantle, 
usually  but  a  few  feet  in  thickness,  over  the  crystallines  and  over  the 
trap  ridges  of  the  Tria«sic  area.  Wells  in  till  are  usually  shallow, 
rarely  over  50  feet  in  depth,  and  it  is  the  practice  to  sink  them  but 
a  few  feet  below  the  principal  water  horizon.  Seventeen  wells  are 
reported  as  being  less  than  10  feet  in  depth  and  yet  containing  an 
abundant  supply  of  water.  In  general,  the  wells  of  the  till  area  con- 
tain soft  water,  which  varies  in  amount  with  the  seasons.  During  an 
unusually  dry  summer  the  welLs  in  some  sections  dry  out  entirely. 
The  till-covered  crystallines  are  being  occupied  by  hotels,  sanitariums. 
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and  country  estates,  and  the  problem  of  the  increased  water  supply 
for  these  is  becoming  more  and  more  important. 

The  springs  of  the  till  area  furnish  prevailingly  soft  water,  and, 
like  the  wells,  show  their  connection  with  the  rainfall  by  their  varia- 
tion from  year  to  year  and  from  season  to  season.  Except  in  extraor- 
dinary years  the  variation  is  slight,  because  the  Connecticut  i-ainfall 
is  evenly  distributed  throughout  the  year.  (Rainfall  at  New  Haven: 
Spring,  11.67  inches;  summer,  12.79;  autumn,  11.67;  winter,  11.84.) 

Stratified  drift  forms  the  cover  over  a  large  part  of  the  sandstone 
district,  and  also  occupies  the  valle3^s  in  the  crystallines.  It  varies  in 
depth  from  only  a  few  inches  to  over  500  feet,  and  because  of  its  pre- 
vailingly loose  texture  forms  a  water  reservoir  of  great  capacity.  On 
the  New  Haven  sand  plain  and  in  general  throughout  the  Connecticut 
Valley  lowland,  water  maintains  a  permanent  level  20  to  30  feet  below 
the  surface,  and  the  practice  is  to  sink  the  wells  to  some  distance 
below  this  water  horizon,  so  that  a  reserve  supply  is  always  on  hand. 
Where  large  quantities  of  water  are  required  for  boilers,  manufac- 
tories, swimming  pools,  etc.,  several  wells  are  sunk  in  close  proximity 
and  connected  with  one  pump.  Yale  University  uses  34  such  wells  to 
supply  water  for  the  gymnasium.  The  wells  in  the  stratified  drift, 
for  the  most  part,  furnish  pure  water  and  indicate  an  available  supply 
which  may  be  used  as  the  cities  increase  in  size.  Wells  are  nearl^^  all 
driven,  and  cost  on  an  average  $348.  The  pumping  apparatus  costs 
on  the  average  $250.  Springs  in  stratified  drift  are  not  numerous, 
and  they  vary  in  size  according  to  the  relative  thickness  and  posi- 
tion of  the  sand  and  clay  layers.  Many  are  wet- weather  "seeps;" 
others  furnish  suflScient  supply  for  a  farmhouse;  a  few,  like  the 
Pequabuck  Spring,  near  Bristol,  have  suflScient  water  to  form  a  brook. 

Mineral  springs, — Fourteen  springs  in  the  State  furnish  water  for 
table  use  and  for  medicinal  purposes.  The  Arethusa  Spring,  at  Sey- 
mour, which  is  perhaps  best  known,  marketed  38,000  gallons  of  water 
in  1902.  Extreme  purit}^  is  the  chief  characteristic  of  the  springs 
located  along  fault  lines,  although  in  a  few  cases  the  analyses  show 
the  presence  of  lithium,  magnesium  sulphate,  and  other  ingredients 
which  give  them  medicinal  values.  The  pure  and  abundant  spring 
water  is  an  extremely  valuable  commercial  asset  for  the  State. 

The  springs  reporting  sales  in  1902  are  given  in  the  following  list. 
The  total  output  is  reported  as  307,000  gallons  and  the  value  as 
$194,085.« 

Althea  Springs,  near  Waterburj-,  New  Haven  County. 

Arethnsa  Spring,  Seymour,  New  Haven  County. 

Aspinook  Mineral  Springs,  Putnam  Heights,  Windham  County. 

Cherry  Hill  Spring,  Hamden,  New  Haven  ('ounty. 

(Jranite  Rock  Spring,  Higganum,  MidiUesex  County. 

Live  Oak  Spring,  Meriden,  New  Haven  County. 

apeale,  A.  C,  Mineral  Resources  U.  S.  for  1902,  U.  S.  Geol.  Survey,  1904,  p.  9W. 
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Mohican  Spring,  near  Bridgeport,  Fairfield  County. 
Oxfonl  Mineral  Spring,  Oxford,  New  Haven  County. 
Park  Spring,  Willimantic,  Windham  County. 
Puritan  Spring,  Norwich,  New  London  County. 
Stafford  Mineral  Spring,  Stafford  Springs,  Tolland  County. 

E^ch  year  more  land  of  the  till- covered  uplands,  which  has  proved 
unprofitable  for  farming,  is  being  purchased  for  country  residences 
and  large  estates.  For  these  puiposes  an  abundant  supply  of  water 
of  unquestionable  purity  is  indispensable. 

It  is  of  scientific  interest  that  the  Indian  Rock  spring  water  at  New 
Milford  and  also  the  surface  water  at  New  Haven  have  been  shown  to 
be  radio-active. 

With  the  exception  of  the  medicinal  waters  the  Conneciticut  supply 
is  used  almost  entirely  for  domestic  and  manufacturing  purposes,  and 
for  these  uses  is  uniformly  good.  Very  rarely  are  wells  or  springs  or 
surface  supplies  unfit  for  domestic  use  and  only  a  few  manufacturers 
report  water  unsuited  for  boilers  or  for  washing  fabrics. 

Stream  supplies. — The  larger  rivers  of  the  State  are  not  at  present 
directly  available  as  water  supply  because  the  sewage  and  refuse  from 
manufacturing  establishments  are  emptied  directly  into  them.  They 
thus  stand  as  a  large  unimproved  resource  which  may  be  developed 
whenever  the  demand  for  increased  domestic  water  supply  justifies  the 
expense  of  installing  plants  for  the  purification  of  sewage. 

Irrigation, — Irrigation  is  practiced  to  a  small  extent  in  Connecticut, 
and  wherever  used  the  results  more  than  justify  the  expense.  There 
are  but  few  crops  which  have  all  the  water  necessary  for  their  maxi- 
mum yield.  Hay,  in  particular,  needs  abundant  water,  and  is  one  of 
the  most  valuable  crops  of  Connecticut.  There  is  no  doubt  but  that 
the  yield  of  most  field  crops  could  be  greatly  increased  both  in  acreage 
and  amount  per  acre  by  the  use  of  water.  The  valleys  of  the  crystal- 
line uplands  which  are  now  sparsely  settled  are  particularly  adapted 
to  irrigation,  and  it  seems  evident  that  a  more  intelligent  use  of  the 
soil,  the  woodlands,  and  the  water  resources  of  the  State  could  win 
the  unimproved  and  abandoned  lands  to  profitable  agriculture. 

PRINCIPAL.  PUBIilCATIONS. 

Mineral  springs  of  the  United  States,  by  A.  C.  Peale:  Bull.  U.  S.  Geol.  Survey  No. 

32,  pp.  25, 26. 
Preliminary  list  of  deep  borings  in  the  United  States,  pt.  1,  by  N.  H.  Darton:  Water- 

Sapply  and  Irrig.  Paper  U.  S.  Geol.  Survey  No.  57,  1902,  p.  20. 
Connecticut  [well  and  spring  records],  by  H.   E.  Gregory,  F.  A.  Champlin,  and 

C.  L.  Grant:  Water-Supply  and  Irrig.  Paper  U.  S.  Geol.  Survey  No.  102,  1904,  pp. 

127-168. 
Drilled  wells  of  the  Triaasic  area  of  the  Connecticut  Valley,  by  W.  H.  C.  Pynchon: 

Water-Supply  and  Irrig.  Paper  T.  S.  (ieol.  Survey  No.  110,  1905,  pp.  65-94. 
Tnassic  rocks  of  the  Connecticut  Valley  as  a  source  of  water-supply,  by  M.  L.  Fuller: 

Water-Supply  and  Irrig.  Paper  U.  S.  Geol.  Survey  No.  110,  1905,  pp.  95-112. 
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By  F.  B.  Weeks. 


In  the  State  of  New  York,  as  in  other  regions  where  there  is  no 
considerable  variation  in  the  amount  of  rainfall  or  in  the  rate  ot 
evaporation,  the  occurrence  and  character  of  the  undergi-ound  waters 
are  very  largely  determined  by  the  topography,  by  the  character  of  the 
soil  and  underlying  rocks,  and  by  the  structural  features  of  the  strata. 

PH  \  BIOGRAPHY. 

The  State  may  be  divided  into  five  distinct  physiographic  provinces, 
viz,  (1)  Adirondack,  (2)  Eastern  (Taconic),  (3)  Catskill,  (4)  Allegheny 
Plateaus,  (5)  Ontario.  The  Adirondack  province  is  the  only  one  lying 
wholly  within  the  State,  the  others  forming  parts  of  larger  topographic 
divisions  which  extend  beyond  its  limits. 

1.  The  Adirondack  province,  second  in  size,  comprises  a  mountain- 
ous area  flanked  on  all  sides  by  a  lower,  hilly  country.  It  is  drained 
by  headwaters  of  streams  flowing  into  St.  Lawrence,  Hudson,  Black, 
and  Mohawk  rivers. 

2.  The  eastern  (Taconic)  province  in  its  northern  part  is  hilly  or 
mountainous,  being  formed  by  the  Taconic  ranges,  which  extend  into 
Vermont  and  Massachusetts,  while  in  its  southern  part  it  becomes 
more  gently  undulating.  It  is  principally  dmined  by  short  streams 
flowing  into  the  Hudson. 

3.  The  Catskill  province  is  composed  in  part  of  folded  rocks  of  the 
northern  exU^nsion  of  the  eastern  Appalachian  ridges,  and  in  part  of 
horizontal  rocks,  and  on  the  west  merges  into  the  Allegheny  Plateaus 
province.  This  region  has  been  deeply  dissected  by  streams  which 
flow  into  Hudson,  Delaware,  and  Susquehanna  rivers. 

4.  The  Allegheny  Plateaus  province  occupies  one-third  of  the  State, 
comprising  the  area  south  of  the  Ontario  province  from  Lake  Erie  to 
the  Catskills.  It  contains  a  number  of  broad  river  valleys  and  is 
drained  by  streams  that  flow  into  Susquehanna,  Alleghenj'^,  and  Gene- 
see rivers. 

5.  The  Ontario  province  extends  in  a  rather  narrow  band  around 
Lake  Ontario  from  the  Niagara  to  the  St.  Lawrence  and  is  drained  by 
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short  streams,  some  of  which  form  the  outlets  of  the  so-called  Finger 
lakes; 

The  accompanying  map  (PL  V)  shows  the  main  drainage  lines  in  the 
State  and  from  these  the  outlines  of  the  several  physiographic  prov- 
inces may  be  deduced.  The  distribution  and  lithologic  character  of 
the  several  geologic  systems  represented  in  the  State  have  been  indi- 
cated, except  the  Quaternary.  Those  spripgs  which  are  of  commer- 
cial value  are  also  noted  on  the  map.  They  include  all  springs  thus 
far  reported  whose  waters  are  sold  or  used  in  connection  with  manu- 
facturing enteiprises  or  public  water  supply. 

GEOIiOGY  AND  UNDERGROUND  WATERS. 

The  underground  waters  will  be  discussed  under  the  several  geologic 
divisions. 

Pre- Cambrian. — ^The  pre-Cambrian  system  is  composed  of  ancient 
crystalline  rocks  and  of  more  or  less  metamorphosed  stratified  rocks 
which  can  not  readily  be  separated  from  them.  Pre-Cambrian  rocks 
form  the  greater  part  of  the  Adirondack  region  and  also  outcrop  in  the 
southeastern  part  of  the  State.  No  distinct  water-bearing  beds  occur 
in  these  rocks,  since  the  most  of  them  are  not  stratified  or  have  been 
so  greatly  compressed  and  folded  that  the  stratification  planes  are  no 
longer  even  approximately  horizontal.  The  ground  water  descends 
along  fracture  planes  and  can  be  obtained  at  various  depth's. 

In  the  Adirondacks  there  are  a  great  number  of  springs,  such  as  are 
common  in  mountainous  areas.  They  are  the  sources  of  the  many 
streams  that  drain  the  region.  The  inhabitants  depend  very  largely 
upon  streams  and  springs  for  domestic  and  stock-water  supply.  The 
few  wells  reported  obtain  their  water  from  sands  and  clays  overlying 
the  hard  rocks.  In  the  southeastern  part  of  the  State  the  pre-Cambrian 
system  consists  of  granites,  gneisses,  and  metamorphic  rocks,  com- 
pressed into  folds  which  have  a  northeast-southwest  direction,  and 
which  outcrop  in  New  York,  Orange,  Putnam,  and  Westchester  coun- 
ties. In  Putnam  and  Westchester  ex)unties  several  springs  having  a 
flow  of  100  to  300  gallons  an  hour,  and  many  smaller  springs  are 
reported.  The  water  from  a  few  of  them  is  bottled  and  sold.  Records 
of  deep  wells  up  to  250  feet  have  been  obtained.  The  deep  wells  are 
pumped  by  windmills  or  other  power  and  furnish  from  30  to  250 
barrels  a  day.  The  waters  of  these  wells  are  usually  soft.  By  far  the 
greater  number  of  wells  are  dug  or  blasted  in  rock.  These  are  from 
6  to  50  feet  deep,  and  three-fourths  of  them  are  said  to  fail  during 
protracted  droughts.     The  water  is  frequently  reported  as  alkaline. 

Cainhriati. — The  Cambrian  limestones  and  slates  extend  in  a  long, 
narrow  band  through  Washington  and  Rensselaer  counties  into  Colum- 
bia. These  strata  have  been  greatly  affected  by  folding  and  faulting, 
which,  together  with  the  considerable  variation  in  the  lithologic  char- 
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acter  of  the  rocks,  frequently  cause  a  marked  difference  in  depth  to 
wat^r  horizons  and  in  the  character  of  the  water  within  short  dis- 
tances. There  are  springs  of  large  flow  in  this  region,  and  the  supply 
of  many  of  them,  which  appears  to  come  from  Quaternarj^  sands  and 
clays,  is  probably  largely  derived  from  the  underlying  strata.  At 
Cambridge  and  Shushan,  in  Washington  County,  springs  of  very  large 
flow  are  reported.  At  other  localities  springs  are  utilized  to  fill  ice 
ponds  and  also  furnish  water  power  for  small  feed  and  sawmills.  Most 
of  the  wells  in  the  area  are  less  than  100  feet  deep.  Their  waters, 
except  those  in  the  limestone  lenses,  are  soft.  In  the  town  of  Cam- 
bridge, Washington  County,  a  well  drilled  to  a  depth  of  39  feet  fur- 
nishes 150  to  200  gallons  an  hour  and  may  be  considered  an  average 
well  of  the  region. 

The  Cambrian  sandstone  (conmaonly  known  as  the  Potsdam  sand- 
stone) occurs  on  the  northern  side  of  the  Adirondacks  and  also  in 
detached  areas,  too  small  to  be  shown  on  the  map,  on  the  southeastern 
and  southern  flanks.  It  is  usually  a  compact  sandstone  varying  in 
color  from  light  gray  to  buff  and  sometimes  reddish-brown.  No  rec- 
ords of  deep  wells  in  these  sandstones  have  been  obtained.  Dug  wells 
20  to  50  feet  deep  furnish  a  suflScient  supply  for  domestic  purposes. 
Small  springs  are  very  abundant,  but  none  of  very  much  economic 
importance  are  known. 

Ordovician, — The  strata  which  are  called  Ordovician  consist  of  a 
great  thickness  of  limestone  and  shales,  often  intensely  folded  and 
highly  metamorphosed.  They  form  the  surface  rocks  of  the  Mohawk 
River  Valley,  extending  in  a  northwesterly  direction  from  Albany  to 
Lake  Ontario  along  the  southeastern,  southern,  and  southwestern  sides 
of  the  Adirondack  area.  They  also  occupy  the  greater  part  of  the 
region  east  of  Hudson  River  south  of  Lake  Champlain,  and  south  of 
Kingston  they  extend  in  a  southwesterly  direction  beyond  the  New 
Jersey  line.  They  also  occur  in  a  narrow  strip  along  the  St.  Law- 
rence. Within  these  areas  many  springs  of  considerable  economic 
importance,  including  a  large  number  of  mineral  springs,  come  to  the 
surface.  They  are  particularly  abundant  in  the  valley  of  the  Mohawk, 
and  in  a  number  of  localities  furnish  water  power  and  in  others  supply 
creameries,  railroad  tanks,  etc.  The  celebrated  mineral  waters  of 
Saratoga  Springs  and  vicinity  are  found  in  fractured  zones  of  the 
Trenton  limestone,  whore  they  occur  in  a  narrow  belt  extending  for 
several  miles  in  a  northeast-southwest  direction.  The  shale  strata 
form  the  greater  part  of  this  system  and  afford  the  larger  part  of  the 
water  supply. 

Massena  Springs,  in  St.  Lawrence  County,  and  Lebanon  Springs,  in 
(Columbia  County,  are  old,  well-known  mineral  spring  resorts,  the 
latt(^r  being  the  only  thermal  water  in  the  State. 

In  some  areas,  as  in  southwestern  Montgomery,  in  Albany,  Colum- 
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bia,  and  other  counties,  wells  yield  from  50  to  200  gallons  per  minute, 
the  water  l>eing  obtained  in  the  shales  at  depths  of  100  to  500  feet. 
In  some,  of  the  wells  the  water  is  hard,  in  others  it  is  soft,  and  in 
many  it  contains  considerable  gas.  These  artesian  areas  are  deter- 
mined by  varying  local  conditions  of  structure  and  rock  composition. 
Wells  that  require  pumping  are  very  abundant,  and  the  depth  to  water 
in  the  solid  rocks  varies  with  the  thickness  of  the  glacial  sands  and 
gravels  which  cover  a  large  part  of  the  Ordovician  strata.  The  water 
of  such  wells  is  usually  abundant,  but  it  is  frequently  impregnated 
with  iron,  sulphur,  and  gas,  which  in  some  instances  renders  it  unlit 
for  drinking. 

Silu7*ian, — The  Silurian  rocks  outcrop  in  a  narrow  band  from  the 
New  Jersey  line  northeastward  to  Kingston  and  northward  to  a  point 
opf)osite  Albany,  where  the  belt  bends  to  the  northwest  and  occupies 
much  of  the  Ontario  province.  The  sandstones  that  form  the  lower 
part  of  the  system  extend  along  the  southern  shore  of  Lake  Ontario 
and  on  its  eastern  shore  spread  out  over  a  broad  area  north  of  Oneida 
Lake.  As  the  greater  part  of  this  area  is  covered  with  glacial 
depasits,  the  springs  may  derive  their  waters  wholly  from  these  beds. 
Several  important  mineral  springs  are  found  in  this  region,  notably 
those  of  Oswego,  from  which  water  has  been  sold  since  1870.  The 
wells  that  penetrate  the  sandstones  range  in  depth  from  50  to  125  feet, 
and  furnish  large  supplies  of  water,  which  is  usually  hard. 

South  of  these  sandstones  is  an  area  of  limestone,  in  which  springs 
of  hard  water  are  fairly  abundant.  No  important  mineral  springs 
occur  in  it.  In  Orleans,  Monroe,  and  Wayne  counties  wells  drilled  to 
depths  ranging  from  75  to  125  feet  obtain  supplies  amounting  in  some 
cases  to  150  gallons  per  hour.  This  limestone  area  narrows  eastward 
and  disappears  south  of  Utica. 

The  highest  rocks  of  this  system  are  generally  shales,  and  extend 
from  Niagara  River  eastward  in  a  belt  parallel  to  the  limestones  and 
sandstones.  Nearly  all  the  waters  from  these  shales  contain  mineral 
matter  in  varying  amounts,  and  many  of  them  are  used  for  medic- 
inal purposes.  The  water  of  Oak  Orchard  Springs,  in  Genesee 
County,  is  remarkable  for  its  content  of  free  sulphuric  acid,  which 
is  a  rare  constituent  of  mineral  water.  In  Oneida  County  there  are 
a  large  number  of  mineral  springs  and  wells  near  Clinton,  Franklin 
Springs,  Kirkland,  and  Booneville,  from  which  water  is  bottled  and 
sold.  These  waters  come  from  near  the  junction  of  the  sandstones 
and  shales.  One  of  the  deep  wells  in  this  county  is  at  Deansboro. 
This  is  300  feet  in  depth  and  the  water  rises  within  20  feet  of  the  sur- 
face and  is  used  for  cooling  milk.  In  Niagara  County  near  Lockport 
a  well  115  feet  deep  penetrated  the  shales  and  the  water  flows  during 
the  winter  months.  Near  Henrietta,  Monroe  County,  is  a  flowing 
well  66  feet  in  depth,  which  is  said  to  afford  a  large  supply  of  water. 
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The  southern  limit  of  the  Silurian  is  marked  by  a  narrow  band  of 
sandstone  extending  from  Genesee  County  eastward,  and  along  or 
near  the  line  of  contact  there  are  many  springs.  Among  these  are 
mineral  springs  near  Williamsville,  Honeoye  Falls,  Clifton  Springs, 
Chittenango  Springs,  and  Sharon  Springs. 

Devonian. — Rocks  of  this  system  cover  practically  all  the  Allegheny 
Plateaus  and  Catskill  provinces.  It  contains  two  prominent  narrow 
limestone  bands  and  a  great  thickness  of  shales  and  sandstones.  The 
entire  thickness  of  the  series  has  been  estimated  at  about  3,400  feet. 
The  Silurian  sandstone,  just  described,  is  succeeded  to  the  south  by  a 
prominent  limestone,  which  is  followed  farther  south  by  a  series  of 
shales.  Along  the  contact  of  this  limestone  and  shale  several  impor- 
>tant  mineral  springs  occur.  Prominent  resorts  and  sanitariums  are 
located  at  Avon,  Richfield  Springs,  and  Cherry  Valley.  Still  farther 
south  are  springs  at  or  near  Penn  Yan,  Dryden,  Watkins,  Slaterville, 
and  Spencer,  their  waters  being  derived  from  the  upper  portion  of 
the  Devonian  sandstones  and  shales. 

In  the  central  and  northern  portions  of  the  Devonian  area  compara- 
tively few  flowing  wells  have  been  reported.  In  Chautauqua,  Catta- 
raugus, and  Allegany  counties  most  of  the  wells  in  rock,  100  to  5(X) 
feet  deep,  flow  and  furnish  up  to  1,000  gallons  an  hour.  They  are 
principally  used  for  domestic  purposes,  creameries,  oil-pumping 
machinery,  and  various  manufacturing  establishments.  Some  of  them 
are  mineralized  and  are  considered  beneficial  in  treating  various  dis- 
eases. In  the  southern  tier  of  counties  east  of  Allegany  County  the 
number  of  flowing  wells  decreases,  but  large  supplies  of  water  are 
obtained  by  pumping.  An  appreciable  amount  of  iron  and  sulphur  is 
found  in  the  waters  of  many  of  the  wells  throughout  the  Devonian 
area. 

Tridssic, — ^The  rocks  of  this  system  are  reddish  sandstone  and 
diabase  and  outcrop  in  Rockland  County.  Water  comes  to  the  surface 
along  the  line  of  contact  of  these  rocks  in  springs  and  seeps.  At  West 
Nyack  and  Bardonia  the  flows  are  estimated  at  100  gallons  an  hour. 
At  Nanuet  and  Orangeburg  are  other  important  springs.  Fair  sup- 
plies of  water  are  obtained  at  Monsey,  Spring  Valley,  and  Orange- 
burg, at  depths  ranging  from  40  to  180  feet.  Most  of  the  wells  in  the 
diabase  or  trap  rock  are  shallow  and  the  supply  materially  diminishes 
in  dry  seasons.  In  the  sandstone  the  supply  is  more  abundant  and 
permanent  and  the  water  is  usually  soft. 

Cretaceoxis. — The  Cretaceous  beds  underlie  the  Quaternary  drift  at 
no  great  distance  from  the  surface  throughout  the  larger  part  of  cen- 
tral and  western  Long  Island  and  outcrop  at  a  number  of  points  along 
the  north  shore,  and,  more  rarely,  in  the  hills  of  the  interior.  Flow- 
ing wells  of  excellent  water  have  been  obtained  at  depths  ranging 
from  100  to  700  feet  below  sea  level. 
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Qnutemary, — ^The  Quaternary  deposits  of  gravel,  sand,  and  clay 
are,  for  the  most  part,  of  glacial  origin  and  cover  the  hard  rocks  to  a 
great  extent.  Their  thickness  in  places  amounts  to  300  feet  or  more. 
Water  permeates  these  unconsolidated  materials  very  readily,  and  it 
is  probable  that  the  amount  of  well  and  spring  water  obtained  from 
these  deposits  equals  or  even  exceeds  that  derived  from  all  other  strata 
in  the  State.  Springs  are  very  abundant  and  some  of  them  have  large 
flows,  which  are  utilized  in  many  ways.  Where  not  locally  contami- 
nated they  furnish  water  of  excellent  quality,  which  is  frequently 
used  to  supply  village  and  town  waterworks.  Flowing  wells  are  very 
abundant,  especially  in  the  southern  part  of  the  State,  and  yield  from 
50  to  600  gallons  an  hour.  Thousands  of  dug  and  driven  wells  through- 
out the  State  derive  their  supplies  from  the  Quaternary  beds. 

The  largest  supplies  from  the  Quaternary  deposits  are  obtained 
from  the  outwash  plains  and  other  deposits  of  Long  Island.  These 
plains  consist  largely  of  sand  or  fine  gravel  and  are  saturated  with 
water  below  a  moderate  depth.  Many  towns  and  cities,  including 
Brooklyn,  obtain  the  whole  or  part  of  their  supplies  from  shallow 
wells  or  springs  that  issue  from  the  sands.  Springs  abound  along 
both  the  north  and  south  shores,  and  are  found  to  a  lesser  extent  in 
the  moraine  in  the  interior.  Water  from  several  of  them  is  placed 
on  the  market. 

PRODUCTION  OF  MINERAIi  WATERS. 

If  it  were  possible  to  estimate  the  amount  and  value  of  the  water 
supply  it  would  certainly  rank  as  one  of  the  most  important  of 
nature's  products.  During  the  past  twenty  years  statistics  have  been 
obtained  to  show  the  amount  and  value  of  mineral  waters  produced 
.and  sold  in  the  United  States.  For  the  year  1902,  in  New  York  State, 
6,609,176  gallons  were  sold,  valued  at  $1,299,037.«  The  bottling  and 
shipping  of  water  for  drinking  purposes  in  large  cities  and  towns  has 
become  a  considerable  industry  in  many  favorably  situated  localities. 
It  is  increasing  very  rapidly,  but  no  statistics  of  amount  or  value  are 
available. 


a  Peale.  A.  C,  Mineral  Resoorces  U.  S.  for  1902,  U.  8.  Geol.  Survey.  1904.  p.  996. 
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NEW  JERSEY. 


By  G.  N.  Knapp. 


TOPOGRAPHIC  PROVINCES. 


New  Jersey  has  been  divided  into  four  provinces,  or  zones,  on  the 
basis  of  its  physiographic  features.     These  provinces  are  indicated  on 


Fio.  18.— Subdivisions  of  New  Jersey  goyeming  the  appearance  of  underground  water. 

the  accompanying  sketch  map  (fig.  18)  and  are  designated  (Ij  the  Appa- 
lachian, (2)  the  Crystalline  Highlands,  (3)  the  Piedmont,  and  (4)  the 
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Coastal  Plain.^  The  surface  features  of  these  several  provinces,  by 
reason  of  which  they  differ  the  one  from  the  other,  are  in  large  meas- 
ure simply  the  outward  manifestations  of  geologic  chanu^ters,  struc- 
tural and  lithologic,  which  are  inherent  in  the  terranes  of  the  different 
provinces  and  which  have  found  topographic  expression  through  sub- 
aerial  and  stream  degradation. 

As  might  be  expected  the  underground  or  deep  waters  of  the  State 
sustain  relations  that  differ  in  the  different  provinces  and  that  are 
more  or  less  characteristic  of  them.  Rocks  so  different  in  structure 
and  lithologic  character  as  to  give  rise  to  topographic  features  that 
are  as  distinct  and  characteristic  as  are  those  of  the  several  provinces 
might  be  expected  to  profoundly  affect  the  disposition  of  underground 
water.  This  is,  in  fact,  found  to  be  true,  and  this  subdivision  of  the 
State  is  regarded  as  the  one  best  adapted  to  a  general  discussion  of 
the  deep  waters. 

GEOLOGY  AND    WATKR  SUPPIiY. 

APPALACHIAN   PROVINCE. 

The  Appalachian  province,  or  zone,  is  the  northern  extension  in 
New  Jersey  of  the  great  Appalachian  mountain  system.  It  is  essen- 
tially coincident  with  the  great  Kittatinny  Valley  and  Kittatinny 
Mountain. 

The  rocks  consist  of  limestone,  slates,  conglomerates,  sandstones, 
and  quartzites,  strongly  infolded  in  anticlines  and  synclinas  whose 
axes  run  northeast  and  southwest.  These  primary  folds  have  been 
more  or  less  faulted  and  modified  by  dikes  and  other  late  intrusions. 
The  whole  series  has  been  profoundly  eroded,  plains  of  degradation 
have  been  developed,  truncating  the  old  folds,  and  later  broad,  deep 
valleys  have  been  developed  parallel  to  the  main  axes  of  the  folds.  In 
these  broad  valleys  the  softer  beds,  such  as  limestones  and  shales,  stand 
at  angles  that  range  from  vertical  to  horizontal  and  dip  in  various  direc- 
tions. The  ridges  or  mountains  that  inclose  these  valleys  consist  of 
the  harder  rocks,  viz:  Conglomerates,  quartzites,  slates,  and  sandstones, 
which  rise  more  or  less  abruptly  to  heights  of  1,000  or  1,500  feet  above 
the  valleys.  The  beds  themselves  stand  at  various  angles,  commonly 
approaching  verticality. 

The  various  beds  of  the  Kittatinny  Valley  hav^e  in  large  measure  lost 
through  metamorphism  whatever  porosity  they  may  once  have  had. 
The  sandstones  have  become  quartzites,  more  or  less  dense;  the  con- 
glomerates have  suffered  a  like  modification,  reducing  their  porosity 
to  a  minimum,  and  the  other  rocks  have  undergone  similar  changes, 
tending  to  increase  their  density.  The  rocks  have,  however,  been 
fractured  at  various  times,  so  that  joints  occur  more  or  less  abundantly 

a  New  Jersey  Geol.  Survey  Final  Report,  Vol.  IV,  Phj-aical  Geography,  1896. 
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throughout  the  beds,  admitting  water  to  unknown  depths.  In  the 
limastones  solution  has  developed  cavities  and  more  or  less  definite 
underground  courses. 

The  rocks  then  of  the  Appalachian  province  are  relatively  imper- 
vious and  do  not  carry  a  large  volume  of  water.  The  water  that 
penetrates  deeply  does  so  by  virtue  of  secondary  structures  and  other 
modifications  that  do  not  stand  in  close  relation  to  the  primary  structure. 

Therefore  a  knowledge  of  the  structure,  which  is  regular  enough  to 
be  determined  with  considerable  definiteness,  is  not  of  so  much  service 
in  locating  successful  wells  as  might  be  expected.  The  water  seems 
capricious  in  its  occurrence.  The  data  available,  however,  show  but 
few  deep  wells  in  this  province — too  few  to  be  made  the  basis  of  final 
conclusions,  so  that  the  great  Kittatinny  Valley  has  yet  to  be  thoroughly 
tested  for  its  available  deep  water  supply. 

CRYSTALLINE   HIGHLANDS  PROVINCE. 

The  Crystalline  Highlands,  as  the  name  suggests,  consists  more 
largely  of  crystalline  rocks— granites,  schists,  and  gneisses.  The  great 
structural  lines  of  the  province  run  northeast  and  southwest,  like  those 
of  the  Appalachian  zone,  but  this  region  has  been  subject  to  more  pro- 
found metamorphism  and  the  beds  have  been  repeatedly  broken  and 
faulted  at  widely  separate  time  intervals.  Intrusive  rocks  have  been 
injected  as  dikes  and  masses  at  different  times,  secondary  structures 
have  very  generally  destroyed  or  replaced  the  original  ones,  and  along 
with  this  have  gone  replacement  and  interchange  of  the  mineral  con- 
stituents of  the  rocks. 

In  the  Crystalline  Highlands,  therefore,  the  structure  is  too  com- 
plex and  too  indefinite  to  aid  one  in  a  practiciil  wa}'  in  predicting  the 
result  of  wells,  and  the  terranes  contain  no  well-defined  porous  beds 
that  in  a  true  sense  can  be  called  water  bearing  in  contradistinction  to 
others.  The  rocks,  however,  as  a  whole,  are  more  generally  per- 
meated by  water  than  in  the  Appalachian  zone,  so  that  wells  put  down 
indiscriminately  give  a  larger  percentage  of  satisfactory  wells  in  the 
former  than  in  the  latter  region.  We  know  from  the  numerous  iron 
mines  scattered  through  the  Highland  region  that  the  permeation  of 
these  old  crystallines  })y  water,  while  very  general,  is  by  no  means 
uniform;  for  some  mines  encounter  large  volumes  of  water,  greatly 
to  their  detriment,  where^is  others  are  comparatively  dry.  The  rela- 
tion, if  any,  that  exists  between  the  local  rock  structure  or  the  depth 
of  the  mine  and  the  volume  of  water  encountered  is  not  apparent. 

In  the  Highland  province  there  are  some  areas  that  form  notable 
exceptions  to  the  structure  alx)ve  outlined;  such,  for  instance,  as  the 
Green  Pond  mountain  belt,  where  the  rocks  and  structure  are  analo- 
gous to  the  infolding  of  the  Appalachian  zone.  In  these  exceptional 
areas  the  deep  waters  behave  much  as  they  do  in  the  Kittatinny  region. 

Digitized  by  ^OOQ IC 


96  UNDERGROUND    WATERS,   EASTERN    UNITED   STATES.      [no.  lU. 

The  numerous  streamt<i,  as  yet  not  polluted,  afford  an  abundance  of 
excellent  water.  This,  together  with  the  cost  of  drilling  in  such  hard 
rock,  i.  e.,  $5  to  $10  a  foot,  has  heretofore  limited  the  number  of  deep 
wells. 

This  province,  however,  is  being  invaded  by  suburban  homes  and 
country  residences,  and  we  may  expect  that  in  the  near  future  more 
deep  wells  will  be  bored. 

PIEDMONT   PROVINCE. 

The  Piedmont  province  is  essentially  the  area  of  the  Newark  system. 
The  Newark  consists  of  three  series  of  beds  which,  from  base  upward, 
are  the  Stockton,  the  Lockatong,  and  the  Brunswick.  The  Stockton 
consists  of  light-colored  sandstones  and  conglomerates,  more  or  less 
arkose,  interbedded  with  a  few  red  shales.  It  is  the  most  permeable 
series  of  the  Newark  system.  The  Lockatong  consists  chiefly  of  flag- 
stones and  argillites,  and  is  relatively  impervious.  The  Brunswick 
series  consists  chiefly  of  shales,  but  includes  also  many  beds  of  sand- 
stone.    It  is  less  permeable  than  the  Stockton. 

The  Newark  system  is  traversed  by  a  number  of  irregular  faults 
whose  throw  is  nearly  suflScient  to  repeat  the  entire  system  at  each 
successive  fault.  The  prevailing  dip  of  the  beds  is  west  and  north- 
west, but  more  or  less  local  warping  and  tilting  that  accompanied  the 
faulting  gave  the  beds  many  local  variations  in  dip  and  strike.  The 
structure  of  the  Newark  is  further  complicated  by  an  irregular  system 
of  volcanic  intrusive  sheets  and  trap  dikes  that  cut  across  the  bedding 
at  various  angles. 

The  faulting  of  the  Newark  in  a  way  to  repeat  the  succession  is  a 
slight  advantage  in  some  situations,  since  it  makes  the  Stockton  beds 
more  readil}'  available  for  artesian  water  at  some  localities  than  they 
otherwise  would  be,  but  in  other  situations  the  faults  cut  off  the  sup- 
ply entirely,  so  that  the  advantage  in  one  locality  is  in  large  measure 
offset  by  the  disadvantage  in  the  other.  One  familiar  with  the  com- 
plex structure  of  the  Newark  can  forecast  the  chances  of  obtaining 
artesian  water  at  given  points  in  the  Piedmont  province;  but  it  would 
be  difficult  for  one  unfamiliar  with  the  structure  to  make  ^'ich 
forecasts. 

The  Newark  system  is  thoroughly  cut  up  by  two  or  more  ^m 
of  deeply  penetrating  joints,  whose  planes  are  nearly  vert.  and 
intersect  one  another  at  various  angles.     It  is  thought  that  the  ous 

wells  in  the  Newark  draw  their  supply  from  these  joints  and  jres 
more  largely  than  from  the  water  that  penetrates  along  the  ti  ed- 

ding  planes.  Nearly  one  half  of  the  northern  end  of  the  P  lont 
province  is,  however,  mantled  by  glacial  drift  which  conceai.  \v\x\n 
of   the  minor    details    of    the   Newark    structure.     This  not  infre- 
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quently  entirely  precludes  the  possibility  of  calculating  closely  t^e 
chances  of  artesian  water  at  certain  points. 

Of  the  three  provinces  thus  far  considered,  the  Piedmont  carries 
vastly  more  deep  water  than  either  of  the  others.  Moreover,  the 
water  is  found  in  rocks  that  are  drilled  with  comparative  ease,  and 
the  chances  of  obtaining  it  can  be  foretold  with  much  definiteness. 
Furthermore,  the  Piedmont  is,  by  virtue  of  its  geographic  position, 
the  most  important  of  the  three,  since  it  includes  what  is  and  what 
always  will  be  the  most  densely  populated  part  of  the  State,  in  which 
the  water  supply  will  always  be  a  paramount  question. 

COASTAL  PLAIN  PROVINCE. 

The  Coastal  Plain  differs  from  the  three  northern  provinces  in  nearly 
every  essential  feature.  First,  it  includes  an  area  greater  than  the 
combined  area  of  the  other  three  provinces;  second,  as  compared  with 
the  other  provinces  it  is  flat,  there  being  no  mountains  and  the  maxi- 
mum relief  being  less  than  400  feet;  third,  its  structure  is  of  the  sim- 
plest sort,  for  it  consists  of  a  succession  of  beds  lying  one  upon  the 
other  in  a  simple  monocline  that  dips  seaward,  the  uppermost  or  young- 
est l>ed  lying  farthest  southeast,  and  each  successively  older  and  lower 
l>ed  reaching  a  little  farther  northwest;  fourth,  there  have  been  no 
faults  or  folds  of  sufficient  magnitude  to  appreciably  affect  the  general 
structure;  fifth,  the  beds  are  unconsolidated  sands,  clays,  marls,  and 
gravels,  and  lie  in  essentially  the  same  position  in  which  they  were 
deposited;  sixth,  the  terranes  have  not  suffered  any  metamorphism 
that  has  appreciably  affected  their  permeability  to  water. 

The  Coastal  Plain  province  falls  into  two  great  geologic  divisions 
or  subprovinces,  viz,  the  Cretaceous  and  the  Tertiary.  The  Cretaceous 
oc'cupies  a  relatively  narrow  belt  that  extends  across  the  State,  while 
the  Tertiary  covers  the  remainder  of  the  province. 

The  Cretaceous  has  three  major  divisions,  which,  reckoned  from 
bai^e  upward,  are  the  Uaritan,  the  Clay  Marl  series,  and  the  Marl 
series.  The  Clay  Marl  series  corresponds  approximately  but  not 
exactly  to  the  *'  Matawan"  of  the  later  nomenclature,  while  the  Marl 
series  includes  approximately  but  not  exactly  the  Monmouth,  Ran- 
cocas,  and  Manasquan  of  later  nomenclature. 

The  Raritan,  though  carrying  important  water  beds  at  different 
stratigraphic  horizons,  does  not  admit  of  subdivision.  The  Clay  Marl 
series,  on  the  other  hand,  is  readil}^  subdivided  into  five  beds,  the 
lower  two  of  which  are  impervious  marl  and  clay  and  serve  as  a  cover 
to  the  Raritan  water-bearing  sands.  The  stratum  next  above  is  a  sand 
bed,  which  is  100  feet  thick  to  the  northeast,  where  it  is  an  important 
water  horizon;  toward  the  southwest  it  pinches  out  entirely  and  disap- 
pears along  the  strike.    Above  this  is  an  impervious  marl  and  clay, 
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Next  comes  a  sand  bed  100  feet  thick  to  the  southwest,  where  it  is  an 
important  water  horizon.  To  the  northeast  it  becomes  less  important, 
partly  by  reason  of  its  decrease  in  thickness  in  that  direction  and 
partly  by  a  decrease  in  permeability. 

The  Marl  series,  like  the  Clay  Marl  series,  is  readily  subdivided 
into  five  beds,  the  lower  of  which  corresponds  to  the  Lower  Marl, 
approximately  the  '^Navesink."  Above  this  is  the  Red  sand  (Red- 
bank).  Toward  the  northeast  it  is  a  sand  bed  100  feet  thick,  but 
toward  the  southwest  it  pinches  out  and  disappears  along  the  strike. 
Next  above  is  the  lower  portion  of  the  old  Middle  Marl  bed — the  marl 
proper.  It  constitutes  a  part  but  not  all  of  the  Sewell.  Still  higher  is 
the  Lime  and  '*  Yellow"  sand;  the  upper  part  of  the  old  Middle  Marl 
bed,  including  the  '' Vincenttown"  and  more.  This  is  an  important 
water  horizon  all  across  the  State.  The  top  bed  is  the  Upper  Marl,  a 
part  of  which  is  Eocene.     It  is  the  impervious  cover  to  the  preceding. 

The  second  subprovince  of  the  Coastal  Plain,  the  Teitiarj',  is  divided 
into  two  formations,  the  Kirkwood  (Miocene),  and  the  Cohansey 
(Pliocene?).  The  lower  bed  is  the  Kirkwood.  It  carries  w^ater- 
bearing  sands  at  several  different  stratigraphic  horizons.  It  is  an 
important  source  of  water  at  Atlantic  City  and  at  points  farther  south 
along  the  beach.  Next  higher  is  the  Cohansey  formation.  It  carries 
water  at  several  different  stmtigraphic  horizons  and  rivals  the  Kirk- 
wood as  a  source  of  artesian  water  along  the  beach. 

The  structure  of  the  Coastal  Plain  is  extremely  simple.  The  outcrop 
of  the  beds  is  known  in  great  detail.  Their  dip  is  known,  or  is  readily 
determinable,  and  the  altitudes  of  the  various  beds  can  })e  closely 
estimated  at  all  points.  Still  the  predicting  of  artesian  water  at  any 
given  point  is  not  a  simple  mathematical  proposition.  Two  chief  diffi- 
culties are  experienced  in  predicting  the  results  of  wells:  First,  the 
thickening  of  the  beds  down  the  dip,  seaward,  has  not  been  worked 
out  in  detail  for  individual  beds;  second,  the  permeability  of  the  beds 
is  a  variable  factor,  whose  exact  value  is  yet  to  be  determined. 

In  the  following  table  the  results  of  borings  at  a  large  number  of 
localities  on  the  Coastal  Plain  are  presented: 

Summary  of  well  statistics  in  the  more  important  of  the  Coastal  Plain  localities. 
[Compiled  from  tables  of  N.  H.  Darton.fl] 


Geologic  horizons  of  water. 


Locality. 

Range  of  depth. 

Range  of  capacity " 
per  minute. 

From— 

To— 

From— 

To— 

Asbury  Park 

Feet. 
383 

118 

108 

1,330 
1,398 

480 
120 
710 

Gallons. 
20 
0 

80 

Gallons. 
500 
400 

250 

Atlantic  C^ty 

Atlantic  Highlands... 
Barnegat  Landing 

Bayhead 

Lower  marl,  Matawan,  Raritan. 

••Diatom    bed,"   Cretaceous,    Chesa- 
peake. 

Matawan,  Raritan. 
Lower  marl. 


a  Bull.  U.  S.  Geol.  Survey,  No.  138,  pp.  42-48. 
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Summary  of  ^kcdl  iUUistics  in  the  more  important  of  the  Coastal  Plain  localitu'^ — Cont^d. 


Locality. 


Bayidde 

Beach  Haven. 


Berkeley  Arma . . 

Bordentown 

Bridgeton 

Brigantine 

Burlington 

Camden 

Cape  May  City  . . 
Cape  May  Point . 


Clayton  (6  wells) . 
CoUingswood 


Columbus . 


Crab  Island. 


Englishtown  . 
FelloMrshIp . . . 

Fiflelds 

Freehold 


Glas8boro. . 
Gloucester. 


Great  Sedge  Island. 

Greenwich 

Harrlsla 

Harrison  ville 

Hartford 

Harvey  Cedars 

Hightatown 

Holmdel 

Jamesburg 

Keyport 

Lake  Como 

Lakewood 

Longport 

Lucaston 

Mantoloking 


Maple  Shade . 
Marlton 


Matawan 

Mays  Landing. 


Range  of  depth. 


Mechesatankin  Creek 
Medford 


From—    To— 


Feet. 


420 


119 


135 
112 


156 


172 


102 


240 
201 


175 


102 


100 


126 


Feet. 
190 
675 

470 
195 
90 
798 
253 
152 
224 
860 

105 
196 

856 

520 

210 
131 
397 
322 

511 
270 

820 
690 
875 
122 
187 
500 
500 
601 
481 
242 
585 
475 
803 
110 
922 

376 
366 

100 
176 

158 

183 


Range  of  capacity 
per  minute. 


From— 


GaUons. 
0 
10 


To— 


QaUons. 


125 

60 
Many. 


0 
25? 


0 
100 


100 
25;  plenty. 
160 
75 
Fair  sup- 
ply. 
Each,  150 
Fair  sup- 
ply. 
10;  fair  sup- 
ply. 

Satisfac- 
tory. 


Many. 


250:un8at- 
is  facto- 
ry. 

100 


100 


0 

Plenty. 

0 

100 

12 

0 

70 

52 
12 

180 

0 

20:  fair  to 
plenty. 

Geologic  horizons  of  water. 


25 

Unsatis- 
factory. 

Plenty; 
sati  s- 
factory; 
200. 


Unknown. 

Bed  C,  Atlantic  City;  bed  E,  Atlantic 
City. 

960  feet  at  Atlantic  Clty(?). 

Karitan,  basal  Raritan. 

Post-Chesapeake. 

800  feet  at  Atlantic  City. 

Raritan. 

Baikal  Raritan. 

Upper  Chesapeake.    Unknown. 

Upper  Chesapeake. 

Po8t-Che8apeake(?) . 
Raritan. 

Raritan,  basal  Matawan. 


Matawan. 

Do. 
Chesapeake. 
Lower  marl,  Matawan. 

Post-Chesapeake,  Matawan. 

Basal  Raritan,  basal  Matawan,  Rari- 
tan. 

Lower  marl. 

Middle  marl. 
Matawan. 

Matawan,  Raritan,  basal  Raritan 
Raritan. 

Do. 

Do. 
Lower  marl. 

Do. 

Bed  G,  Atlantic  City. 

Middle  marl. 

Bed  C,  Atlantic  City,  lower  marl,  Mat- 
awan. 

Basal  Raritan. 

Rcdbank,  lower  marl(?),  Matawan. 

Matawan. 

428  feet.  Atlantic  City(?),  bed  C,  Atlan 
tic  Clty^?). 


Rcdbank,  lower  marl. 
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Summary  of  well  statistics  in  tlie  more  important  of  the  Coastal  Plain  localitieii — Cont'd. 


Locality. 


Millville. 


Monmoulh  Beach . 
Monmouth  Park  . . 

Moorestown 

Mount  Ephraim . . . 


Mount  Holly.. 
MullicaHill... 
Ocean  Beach . . 

Ocean  City 

Ocean  Grove  .. 

Pavonia 

Perth  Am  boy.. 
Pleasant  MIHh. 


Port  Monmouth 

Point  Pleasant 

Port  Norris 

Port  Republic 

Quinton 

Rancocas 

Redbank  

Riverside  (8  wells)  . 

Rumsen  Neck 

Runyon  Station . . . . 

Sayrcville , 

Sea  Girt 

Seabrtght 

Sea  Island  City 

Seven  Islands 


Sewell 

Shrewsbury 

South  Amboy 

South  Beach  Haven . 

Spring  Lake 

Stockton 

Straight  Creek 

Trenton 

Vineland 

Waretown 

Weuonah 

Weymouth 


Range  of  depth 


From—'   To— 


Feet. 
150 


480 
760 
420 
112 
130 
158 


126 
408 


116 


196 


Wildwood . 


Winslow 

Woodbury . . 
W*ood8town. 


215 

135 
113 
139 


Feet. 
160 

380 
385 
160 
130 

676 
102 
485 
800 
1.134 
174 
470 
201 

+100 
806 
200 
151 
275 
124 
230 
200 
210 
160 
976 
755 
258 


420 
200 
105 
425 
465 
130 
100 
160 
205 
280 
341 
106 

931 

145 
163 

776 


Range  of  capacity 
pHcr  minute. 


From— 


Oallons. 


To- 


GaUoM. 

Satisfac- 
tory. 


I 


75 


25 


Satisfac- 
tory. 


50 
140 

40 
275 


500:  unsat- 
isfac- 
tory. 

Few. 

45 

1 


65 


165 
Each;  40 


Many. 

60 

210 

30 

70 

25 


10 


20 


10? 

Many. 

875 

Many. 

Many;  200 

20 

20 


70 

300:  unsat- 
isfactory. 

40 

8 

360 


Geologic  horizons  of  water. 


Matawan. 

Do. 
Basal  Matawan. 
Basal  Matawan(?). 

Raritan. 

Redbank. 

Lower  marl. 

Chesapeake  diatom  bed. 

Lower  marl,  Matawan. 

Raritan,  basal  Raritan,cr>-stallinerock. 

Basal  Raritan,  70-170  feet  in  gneiss. 

658  feet  at  Ocean  City(?),  Chesapeake. 


Matawan. 
Do. 

428  feet,  Atlantic  City(?). 
Redbank. 
Basal  Matawan. 
Lower  marl,  Matawan. 
Raritan  (?). 
Matawan. 

Basal  Raritan,  80,976  feet  in  gneLss. 

Matawan. 

Lower  marl,  Matawan. 

Above  diatom  bed. 

Bed  E,  Atlantic  City;  bed  C,  AtlanUc 

City(?). 

Basal  Matawan. 

Lower  marl. 

Basal  Raritan. 

Bed  C,  Atlantic  City. 

Lower  marl. 

Basal  Raritan,  Raritan. 

Post-Che8apeake(?).    Basal  Raritan. 

Post-Chesapeake. 

Bed  E,  Atlantic  City. 

Basal  Matawan,  Matawan. 

Bed  C,  Atlantic  City(?);  650  feet  at 
Atlantic  City(?);  bed  C  Atlantic 
City(?). 

Upper  Chesapeake.  240  feet  below  great 
diatom  bed;  in  great  diatom  bed. 

Chesapeake, 960  feet  at  Atlantic  City  (?) . 

Matawan,  basal  Matawan. 

Basal  Matawan,  Redbank,  Raritan. 
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SUMMARY   OF  WATER  RESOURCES. 


The  accompanying  table  brings  into  prominence  many  important 
relations  and  suggests  many  more. 

DistribvUion  of  mils  by  provwr^s. 


Area  in  square  miles 

Approximate  population 

Average  number  of  people  per  square 
mile 

Maximum  density  of  population  per 
square  mile  per  townsnip 

Minimum  density  of  population  per 
square  mile  per  township 

Records  of  wells 

Average  number  of  square  miles  to 
each  well 


lachian. 

Crystalline 
Highlands. 

Piedmont. 

roi\8tal 
Plain. 

547.0 

945.0 

1,463.0 

5,099.0 

24,201.0 

76,029.0 

1,222,586.0     495,072.0 

44.2 

80.4 

836.3 

97.7 

1,590.0 

8,475.0 

22,560.0 

14, 492. 0 

23.0 

26.0 

37.0 

6.0 

23.0 

31.0 

547.0 

998.0 

24.0 

30.0 

26.0 

5.0 

It  will  be  noticed  that  of  the  1,600  wells  catalogued,  nearly  1,000  are 
in  the  Coastal  Plain  province.  These  range  in  depth  from  50  to  2,300 
feet  and  probably  90  per  cent  of  them  are  of  the  true  artesian  type — 
that  is,  the}'^  draw  their  water  from  beds  whose  catchment  area  is 
remote,  and  the  water  in  the  wells  rises  nearly  or  quite  to  the  sur- 
face, and  frequently  above  the  surface.  Of  the  550  wells  in  the  Pied- 
mont Plain  very  few  are  of  the  true  artesian  type.  They  range  in 
depth  from  50  to  2,300  feet.  Many  of  them  yield  large  volumes  of 
water  and  a  few  of  them  flow,  but,  as  before  suggested,  they  probably 
draw  their  supplies  largely  from  the  joints  and  the  secondary'  struc- 
tures of  the  rocks.  Of  the  50  or  60  wells  in  the  two  northern  prov- 
inces, only  a  few  are  truly  artesian.  They  are  practically  all  simply 
deep  reseiToir-like  holes  into  which  water  percolates  from  innumer- 
able joints  and  fissures  at  all  horizons.  While  the  gathering  ground 
of  such  waters  may  be  remote  from  the  wells,  they  belong  in  a  differ- 
ent class  from  those  of  the  Coastal  Plain.  It  will  be  remembered  that 
the  wells  here  catalogued  are  the  ones  of  which  records  have  been 
obtained,  and  not  the  actual  total  number  of  wells  in  these  provinces. 
There  are  undoubtedly  many  wells  of  which  no  records  have  been 
procured. 

The  Appalachian  and  Crystalline  provinces  are  relatively  sparsely 
settled.  In  them  springs  abound,  and  mountain  streams,  proverbially 
wholesome  and  as  yet  unpolluted,  are  numerous  and  well  distributed, 
so  that  the  demand  for  deep  wells  is  not  pressing. 
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The  Piedmont  area  includes  two  fairly  distinct  subprovinces.  The 
first,  including  the  northeast  part  of  the  area,  in  the  vicinity  of  Essex 
and  Hudson  counties,  is  occupied  by  numerous  cities,  large  and  small, 
many  of  which  are  manufacturing  centers,  while  the  second,  in  the 
southwest  portion,  in  the  vicinity  of  Somerset  County,  is  dominantly 
an  agricultural  region.  The  first  of  these  subprovinces  includes  about 
one-fifth  of  the  area  of  the  Piedmont  province  and  contains  about 
nine-tenths  of  its  population,  the  remaining  one-tenth  of  the  popula- 
tion being  scattered  over  the  southwestern  four-fifths  of  the  province. 
Of  the  550  wells  in  the  Piedmont  province  more  than  500  occur  in  the 
densely  populated  region  in  its  northeastern  portion  and  the  water,  for 
the  most  part,  is  used  for  manufacturing  purposes. 

In  the  Coastal  Plain  province  the  densely  populated  districts  are 
distributed  around  its  periphery,  the  interior  being  more  sparsely 
settled.  The  distribution  of  the  artesian  wells  stands  in  fairly  definite 
relation  to  the  density  of  population.  Along  the  seashore  are  many 
thriving  towns  and  cities  whose  function  is  almost  wholly  that  of  min- 
istering to  the  service  of  those  in  quest  of  health,  recreation,  and 
pleasure.  These  communities,  while  not  absolutely  dependent  on 
artesian  wells  for  their  water,  find  them  the  most  satisfactory  available 
source  of  suppl}^  and  hence  a  large  percentage  of  the  wells  are  found 
along  the  coast. 

The  north  and  northwest  border  of  this  province,  which  is  approxi- 
mately the  outcrop  of  the  Cretaceous  terranes,  finds  its  interests 
divided  between  agriculture  and  manufacture.  Artesian  wells  are 
abundant  in  this  region  but  are  not  so  deep  as  those  along  the  coast, 
and  are  accordingly  less  expensive.  They  serve  both  the  manufactur- 
ing and  the  agricultural  interests.  In  fact,  the  distribution  of  the 
artesian  wells  is  determined,  first,  by  the  availability  of  the  water; 
second,  by  the  density  of  the  population,  and  third,  by  the  character 
of  the  population. 

MINERAL   SPRINGS. 

Sixteen  mineral  springs  in  New  Jersey  reported  sales  of  water  in 
1902,  and  many  more  are  the  site  of  pleasure  resorts  of  more  or  less 
importance.  The  aggregate  production  for  the  year  is  given  as  360,900 
gallons,  with  a  value  of  $41 ,875.     The  springs  reporting  are  as  follows:  <* 

Alpha  Spring,  Springfield,  Union  County. 
Beacon  Mountain  Spring,  Denville,  Morris  County. 
Beech  Springs,  near  Woodbury,  Gloucester  County. 
Fowler's  Deep  Rock  Artesian  Well,  Allwood,  Passaic  County. 
Ilata wanna  Spring,  Buddlake,  Morris  County. 
Holly  Springs,  Swedesboro,  Gloucester  County. 


tirealo,  A.  (;.,  Mineral  Resources  V.H.  for  1902,  T.  S.  Geol.  Survey,  1904,  p.  996. 
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Indian  Kalium  Spring,  Gloucester,  Camden  County. 
Indian  Spring,  near  Rockaway,  Morris  County. 
Kalium  Springs,  CoUingswood,  Camden  County, 
(mkland  Vernam  Spring,  near  Oakland,  Bergen  County. 
Pine  Lawn  Spring,  Hohokus,  Bergen  County. 
Trinity  Springs,  Ridgefield,  Bergen  County. 
Turtle  Hill  Spring,  Passaic,  Passaic  County. 
Washington  Mountain  Spring,  Pennington,  Mercer  County. 
Washington  Rock  Spring,  Warrenville,  Somerset  County. 
Watchimg  Spring,  Plainfield,  TTnion  County. 

PRIXCIPAT^  PUBIilCATIONS. 

[Artesian  wells  of  Now  Jersey],  by  Lewis  Woolman  and  others.  A  large  numl)er  of 
referenct»s  ami  reports  on  the  artt^sian  wells  of  New  Jersey  are  contained  in  the 
New  Jersey  Geological  Survey  Rej>orts,  beginning  with  the  year  1857  and  extend- 
ing down  to  the  present  time.     (See  indexes  of  individual  reports.) 

Mineral  springs  of  the  United  States,  by  A.  C.  Peale:  Bull.  U.  S.  Geol.  Survey  No. 
82,  pp.  42-43. 

Artt*8ian  well  prospects  in  the  Atlantic  Coastal  Plain  region,  by  N.  H.  Darton:  Bull. 
U.  S.  Geol.  Survey  No.  138,  1896,  pp.  39-115. 

Preliminary  list  of  deep  borings  in  the  United  States,  pt  2,  by  N.  H.  Darton.  Water- 
Suppiy  ami  Irrig.  Paper  U.  S  (ieol.  Survey  No.  61,  1902;  pp.  12-14. 

Water  rt*sourcf  s  of  the  highlands  of  New  Jersey,  by  Laurence  La  Forge:  Water-Sup- 
ply and  Irrig.  Paper  V.  S.  Geol.  Survey  No   110,  1905,  pp.  141-155. 
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By  M.  L.  Fuller. 


TOPOGRAPHY. 

There  are  three  distinct  topographic  belts  in  Pennsylvania:  (1)  A 
southeastern  belt,  whose  northern  boundary  starts  al>out  10  miles  south- 
east of  E^ton  and  passes  southwestward,  just  south  of  Reading  and 
Harrisburg,  to  a  point  a  few  miles  west  of  Gettysburg;  (2)  a  central 
belt,  lying  north  and  west  of  the  first,  whose  northern  boundary 
reaches  from  the  northeastern  part  of  the  State  westward  and  south- 
westward,  past  Williamsport,  Lock  Haven,  and  Altoona,  to  the  south- 
eastern portion  of  Someraet  County;  and  (3)  a  northwestern  belt  which 
embraces  the  entire  northern  and  western  portions  of  the  State.  (See 
fig.  14.) 

The  eastern  belt,  known  as  the  Piedmont  Plateau,  is  in  general  of 
low  elevation,  and  consists  of  a  broadly  rolling  surface  with  few  high 
hills.  The  central  belt,  constituting  the  Appalachian  Mountains  and 
Valley,  consists  of  a  large  number  of  long,  straight,  or  gently  curbing 
ridges,  alternating  with  deep  valleys,  the  widest  of  which  is  the  Cum- 
berland or  Shenandoah.  Many  of  these  ridges  rise  to  altitudes  ranging 
between  1,500  and  2,500  feet.  The  third  belt,  known  as  the  Allegheny 
Plateau,  is  a  broad  surf  ace,  cut  throughout  its  extent  by  streams  which 
now  flow  in  deep  and  frequently  canyon-like  valleys.  A  few  ridges 
rise  above  the  common  level  of  this  upland,  but  the  plateau  has  a 
general  southwestward  slope,  and  varies  in  altitude  from  about  2,000 
feet  in  the  northern  portion  of  the  State  to  approximately  1,200  feet 
in  the  southwestern  portion. 

GEOI.OGY. 

The  geologic  divisions  correspond  in  general  with  those  of  topog- 
raphy; in  fact,  the  geology  has  governed  the  character  of  the  topog- 
raphy throughout  the  State.  The  southeastern  topographic  belt,  or 
Piedmont  Plateau,  is  underlain  largely  by  crystalline  rocks  which  have 
been  very  evenly  eroded  and  consequently  present  few  conspicuous 
topogmphic  features.  Along  the  northern  border  of  this  belt  is  a 
104 
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band  of  soft  Triassic  shales  and  sandstones  of  a  topography  similar  to 
that  of  the  adjoining  crystalline  area.  The  continuity  of  the  belt  is, 
however,  broken  by  a  series  of  folded  Cambrian  and  Silurian  quartzites 
and  limestones  that  extend  from  near  Trenton  westward  across  the 
Susquehanna  to  the  southeast  corner  of  Adams  County.  The  cities  of 
York  and  Lancaster  are  located  in  this  belt,  while  Phoenixville,  Norris- 
town,  and  Trenton  lie  just  outside  its  borders. 

The  rocks  of  the  middle  topographic  belt,  which  is  characterized  by 
prominent  ridges,  consist  mainly  of  strongly  folded  beds  of  Cambrian, 
Silurian,  and  Devonian  age,  but  the  folded  rocks  of  the  anthracite  coal 
basin  and  of  the  Broadtop  coal  basin  in  the  south-central  portion  of  the 
State  are  of  Carboniferous  age. 

The  rocks  of  the  remaining  or  plateau  portion  of  the  State  are  De- 
vonian and  Carboniferous,  the  former  constituting  the  surface  in  the 
northern  and  northeastern  portion  of  the  State  and  the  latter  in  its 
western  part.     The  rocks  of  this  belt  are  chamcterized  in  general  by 


Tr=Triassic  C=Carboniferou« 

CSD"Cambrian,  Silurian,and  Devonian 


D«  Devonian 
Cr-Cryttallin« 


Fig.  19.— (leologic  subdivisions  of  Pennsylvania. 

very  moderate  folding,  although  the  rocks  of  Laurel  Hill  and  other 
ridges  in  the  southwestern  portion  of  the  State  show  high  dips.  The 
folds  generally  decrease  unifonnl}^  in  magnitude  as  their  distance  from 
the  Appalachian  Front  increases,  until  in  the  northwestern  part  of  the 
State  only  slight  and  irregular  undulations  can  be  detected.  It  is  along 
the  crest  of  the  anticlines  that  the  lower  Devonian  rocks  are  brought 
to  the  surface  in  the  northern  part  of  the  State. 

SOURCES  OF  WATER  SUPPIiY. 

STREAMS  AND  LAKES. 

By  far  the  larger  number  of  the  streams  of  Pennsylvania  rise  either 
in  the  mountainous  regions  of  the  Appalachian  belt  or  in  the  high- 
lands of  the  Allegheny  Plateau.  In  general  they  have  their  sources 
in  rugged  forest-covered  areas  remote  from  habitations,  and  for  con- 
siderable  distances   flow  with  their  original   purity  through  thinly 
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populated  districts.  Even  within  a  few  miles  of  some  of  the  large 
cities  supplies  from  unpolluted  streams  may  be  procured.  The  waters 
of  the  larger  streams,  however,  are  generally  polluted  and  unsafe  for 
domestic  use  except  where  they  are  subjected  to  some  process  of 
purification.  There  are  no  large  natural  lakes  within  the  State,  but  a 
few  small  ponds  are  found  in  depressions  in  the  drift  on  some  of  the 
flat  mountain  tops  and  elsewhere  in  its  northern  portion.  These 
ponds  are  seldom  of  any  value  as  a  source  of  water  supph^ 

WELLS. 

The  drift. — The  glacial  drift  in  Pennsylvania  is  confined  to  the 
northern  half  of  the  State.  Tlie  glacial  boundary  enters  from  the  east 
at  a  point  not  far  from  Easton  and  passes  northwestwaixl  to  the  New 
York  line  not  far  from  Bradford.  Here  it  leaves  the  State  for  a  few 
miles,  but  soon  turns  south  again,  reenters  the  State  and  passes  south- 
westward  to  a  point  a  few  miles  north  of  Ohio  River  at  the  western 
border  of  the  State. 

In  the  area  south  of  this  line  the  loose  materials  at  the  surface, 
except  in  the  river  and  stream  vallej's,  consist  of  fragments  of  rock 
which  have  been  broken  up  to  form  a  ston}^  soil  under  the  action  of 
the  weather.  North  of  the  glacial  boundary  this  residual  soil  has  been 
reworked  by  glacial  action  and  mixed  with  foreign  material  brought 
down  from  the  north,  the  whole  being  left  as  a  heterogeneous  stony 
mantle,  known  as  till,  covering  the  surface.  In  addition  to  the  till 
many  deposits  of  gravel  or  sand  were  laid  down  in  the  valleys  by 
streams  flowing  from  the  glacier. 

The  till  usually  contains  a  considerable  percentage  of  clay  and  is  not 
usually  a  satisfactory  source  of  water.  Nevertheless  it  furnishes  small 
supplies  to  wells  at  many  points  throughout  the  northern  portion  of 
the  State.  The  water  follows  rather  definite  courses  through  the 
material  and  its  occurrence  can  not  always  be  predicted.  Its  amount 
is  almost  always  small,  but  it  is  of  very  fair  quality.  Springs  are 
common,  but  are  usually  small  and  of  little  economic  value. 

Stream  deposits, — In  the  stream  deposits,  which  consist  largely  of 
gravel  and  sand,  great  quantities  of  water  are  stored,  especiall}"  in  the 
larger  river  valleys.  The  great  absorptive  power  of  these  materials 
is  strikingly  shown  b}^  their  mpid  absorption  of  the  mountain  streams 
which  emerge  upon  them.  Wells  driven  but  a  few  feet  into  such 
deposits  often  find  abundant  supplies.  Their  waters  are  almost  always 
of  excellent  quality  if  taken  at  sufficient  depth  to  be  out  of  the  zone  of 
pollution  from  the  surface. 

Crystallhe  I'ocJcs, — The  crystalline  rocks  consist  of  gneisses  and  simi- 
lar granitic  rocks.  In  general  they  carry  but  little  water,  for  their 
porosity  is  small  and  they  are  not  characterized  b}'  bedding  planes  that 
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offer  easy  passages  for  water.  These  rocks  are,  however,  cut  by 
more  or  less  vertical  joints  which  admit  considerable  quantities  of 
water  under  favorable  conditions.  Wells  drilled  in  the  crystalline 
rocks,  especially  in  Philadelphiaand  vicinity,  have  frequently  obtained 
moderate  to  good  supplies  at  depths  of  from  100  to  300  feet.  As  a  rule, 
wells  that  fail  to  obtain  a  supply  within  300  feet  of  the  surface  will  not 
afford  much  water  at  greater  depths.  Springs  are  relatively  few  in 
number  and  small  in  size,  and  are  seldom  used  except  in  the  vicinity  of 
the  large  cities,  where  they  furnish  considerable  quantities  of  water, 
for  table  use. 

TriaHsic  rocks.— "Wi^  Triassic  rocks,  the  extent  of  which  has  already 
been  indicated,  consist  of  shales  and  soft  sandstones,  frequently  stained 
red  by  iron  oxide.  The  sandier  beds  contain  a  large  quantity  of  water, 
a  cubic  foot  sometimes  holding  a  quart  or  more.  Many  wells  have 
been  drilled  into  these  rocks  in  the  towns  scattered  along  their  outcrop 
and  considerable  supplies  have  been  obtained  in  some  places.  The 
waters,  however,  are  liable  to  be  strongly  mineralized  and  in  some 
cases  it  is  impossible  to  use  them  in  boilers.  Springs  occur  in  the 
Triassic  rocks,  but  are  not  commonly  important. 

Camhian  and  Silurian  rocks. — The  Cambrian  and  Silurian  rocks 
consist  of  quartzites,  limestones,  and  shales.  They  are  characterized 
throughout,  as  has  already  been  indicated,  by  strong  folds,  the  rocks 
in  many  instances  being  almost  on  edge.  The  outcrops  of  the  forma- 
tions generally  occur,  therefore,  as  rather  narrow,  straight,  or  gently 
curving  bands,  although  belts  of  considerable  width  are  found  where 
the  folds  are  more  open. 

The  true  quartzites  are  dense,  compact,  and  nonporous,  exhibit  very 
little  jointing,  and  are  frequently  destitute  of  recognizable  bedding 
planes.  Under  such  conditions  they  are  practically  destitute  of  water. 
Some  of  the  beds,  however,  especially  the  Medina  and  Oriskany  sand- 
stones, are  less  dense,  and  carry  water  which  issues  as  fine  large 
springs  where  the  outcrops  are  favorable.  The  limestones,  which 
include  the  Trenton  and  Lower  Helderberg,  are  rather  dense  and  carrj'^ 
water  only  in  solution  channels.  For  this  reason  the  finding  of  water 
in  them  is  uncertain,  and  they  are,  therefore,  rarely  a  source  of  suppl}^ 
although  in  some  cities  and  towns  deep  wells  have  obtained  satisfactory 
supplies  from  these  rocks.  There  are  many  fine  springs  along  the 
edges  of  the  limestone  areas,  but  in  the  central  portion  of  the  outcrops 
cisterns  are  mainly  relied  upon  for  water  for  domestic  purposes. 

The  shales  carry  some  water  in  their  bedding  planes  and  in  sandy 
interbedded  layers.  Small  springs  are  fairly  common,  and  in  the  less 
strongly  folded  portions  wells  usually  obtain  modemte  supplies. 

Devonian  rocks, — The  Devonian  rocks,  as  already  indicated,  occur  to 
some  extent  infolded  with  the  Cambrian  and  Silurian  rocks,  and  are 
also  brought  to  the  surface  by  gentle  folds  in  the  northern  portion  of 
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the  State.  They  consist  largely  of  shales,  although  sandstones  are 
frequently  present,  especially  in  the  subdivision  of  the  Devonian  known 
as  the  Catskill.  Limestones  are  occasionally  present.  Springs  are 
numerous  in  the  areas  where  the  Devonian  shales  and  limestones  out- 
crop, but  they  are  small  as  compared  with  the  springs  of  the  Cam- 
brian and  Silurian  areas.  They  afford,  nevertheless,  pure  supplies  for 
a  large  number  of  the  inhabitants  in  the  areas  in  which  they  occur. 
Wells  also  generally  obtain  fair  supplies.  In  the  synclines  or  basins 
flowing  water  is  not  uncommonly  obtained  by  the  deeper  wells,  but, 
because  of  the  abundance  of  spring  water  and  of  water  in  the  drift, 
deep  wells  are  not  often  sunk. 

Carboniferous  rocks, — The  Carboniferous  rocks  consist  of  a  thick 
series  of  sandstones,  shales^,  limestones,  and  coals.  The  limestones  are 
generally  only  a  few  feet  thick,  but  some  of  the  beds  may  run  up  to  50 
or  100  feet,  or  even  more.  They  are  not  prominent  water  bearers, 
although  small  supplies  are  almost  always  obtained  either  at  their 
upper  surfaces  or  from  some  of  their  bedding  or  joint  planes. 

The  Carboniferous  shales,  like  the  Devonian,  frequently  carry  water 
along  their  bedding  planes  and  in  their  interbedded  sandy  layers,  but 
though  giving  rise  to  a  considerable  number  of  springs  and  furnishing 
supplies  for  many  shallow  wells,  they  are  not  conspicuously  water 
bearing. 

Water  is  frequently  found  associated  with  the  coals,  but  is  almost 
always  highly  charged  with  ferrous  sulphate,  resulting  from  the 
decomposition  of  the  pyrite  in  the  coal.  Sandstones  are  often  of 
great  thickness  and  are  fairly  open  and  porous.  Where  above  ditiin- 
age  level  they  commonly  carry  relatively  little  water,  but  below  this 
level  they  are  often  saturated,  and  drilled  wells  penetrating  them 
generally  obtain  good  supplies.  Where  the  rocks  lie  a  considerable 
distance  below  the  surface,  however,  the  fresh  water  is  liable  to  be 
replaced  by  salt  water  or  by  oil;  hence  deep  wells  are  sometimes  of 
little  value  as  sources  of  water  supply.  Flowing  water  is  frequently 
obtained  in  the  synclines  or  basins  and  elsewhere  where  the  conditions 
are  favorable,  but  the  water  will  seldom  rise  more  than  a  few  feet 
above  the  surface,  and  pumping  is  almost  universall}"  necessar}'  to  raise 
it  for  industrial  uses.  In  general,  fresh  waters  in  the  Carboniferous 
and  Devonian  rocks  are  found  within  500  feet  of  the  surface.  Below 
this  point  the  rocks  are  in  some  places  entirely  destitute  of  water,  and 
in  others  carry  salt  water  as  indicated  above. 

CoasUd  Plain  deposits.  — The  eastern  portion  of  Philadelphia  is  under- 
lain by  Coastal  Plain  formations,  consisting  of  the  lower  beds  of  the 
Raritan-Potomac  deposits.  These  beds  are  water  bearers  and  have 
been  tapped  by  a  number  of  wells  in  the  city. 
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MINERAL  SPRINGS. 

The  waters  of  Pennsylvania,  except  those  of  the  Triassic  area,  of 
the  limestones,  and  those  associated  with  coals,  are  usually  low  in 
tnineml  matter.  There  are,  however,  scattered  throughout  the  State 
a  number  of  deep-seated  springs  the  waters  of  which  are  mineralized. 
Many  of  thcvse  mineral  waters  are  bottled  and  sold  commercially,  and 
resorts  of  importance  have  been  developed  about  others.  The  mineral 
springs  are  not  confined  to  any  one  class  of  rocks,  but  are  found  in  all 
of  the  types  described.  The  following  springs  reported  shipments  in 
1902: « 

Artesia  Spring,  Harrison  Valley,  Potter  County. 

Bedford  Chalybeate  Spring,  Bedford,  Bedfonl  County. 

liedford  Mineral  Springs,  near  Bedford,  Bedford  County. 

Black  Barren  Mineral  Spring,  Pleasant  Grove,  Lancaster  County. 

Buena  Vista  Springs,  Buena  Vista,  Franklin  County. 

Charmian  Mineral  Spring,  Charmian,  Franklin  County. 

Clovenlale  Artesian  Lithia  Spring,  Newville,  Cumberland  County. 

Corry  Artesian  Mineral  Spring,  Corry,  Erie  County. 

Cresson  Springs,  Cresson,  Cambria  County. 

De  Vita  Mineral  Springs,  Cambridge  Springs,  Crawford  County. 

P^ast  Mountain  Lithia  Well,  near  Factory ville,  Wyoming  County. 

Ephrata  Mountain  Crystal  Spring,  near  Ephrata,  Lancaster  County. 

Glen  Summit  Spring,  Glen  Summit,  Luzerne  County. 

Gray  Mineral  Spring,  Cambridge  Springs,  Crawford  County. 

Imperial  Spring,  Angelica,  Berks  County. 

Korrylutz  Well,  Corry,  Erie  County. 

Magnesia  Spring,  Cambridge  Springs,  Crawford  County. 

Malvern  Spring,  Malvern,  Chester  County. 

Parker  Mineral  Spring,  Gardeau,  McKean  County. 

Pavilion  Spring,  South  Mountain,  Wemersville,  Berks  County. 

Petticord  Mineral  Spring,  Cambridge  Springs,  Crawford  County. 

Pulaski  Natural  Mineral  Spring,  Pulaski,  Lawrence  County. 

Rennyson  Tredyffrin  Spring,  Rennyson,  Chester  County. 

Ross-common  Springs,  Windgap,  Monroe  County. 

Saegertown  Mineral  Spring,  Saegertown,  Crawford  County. 

Sizer  Mineral  Spring,  Sizerville,  Cameron  County. 

Spruce  Hollow  Mineral  Spring,  near  Northumberland,  Northumberland  County. 

The  J.  W.  I^ng  Mineral  Well,  Venango,  Crawford  County. 

Tuckahoe  Mineral  Springs,  Northumberland,  Northumberland  County. 

W^hann  Alkaline  Lithia  Mineral  Springs,  near  Franklin,  Venango  County. 

White  House  Spring,  Neversink  Mountain,  Reading,  Berks  County. 

The  aggregate  amount  of  water  sold  in  1902  is  given  as  4,567,260 
gallons,  valued  at  $1,124,532. 

a  Peale,  A.  C,  Mineral  Resources  U,  8.  for  1902,  U.  S.  Geol.  Survey,  1904,  p.  996. 
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PRINCIPAL.  PUBL.ICATION8. 

Mineral  Springs  of  the  United  States,  by  A.  0.  Peale:  Bull.  U.  S.  Geol.  Survey 
No.  32,  pp.  44-49. 

Artesian-^/ell  prospecte  in  the  Atlantic  Coastal  Plain  r^on,  by  N.  H.  Darton:  Bull. 
U.  S.  Geol.  Survey  No.  138,  pp.  115-117. 

Preliminary  list  of  deep  borings  in  the  United  States,  pt.  2,  by  N.  H.  Darton: 
Water-Supply  and  Irrig.  Paper  U.  S.  Geol.  Survey  No.  61,  1902,  pp.  29-42. 

W^ater  resources  of  the  Philadelphia  district,  by  F.  Bascom:  Water-Supply  and 
Irrig.  Paper  U.  S.  Geol.  Survey  No.  106,  1904. 

Water  resources  of  the  Chambersburg  and  Mercersburg  quadrangles,  Pennsylva- 
nia, by  G.  W.  Stose:  Water-Supply  and  Irrig.  Paper  U.  S.  Geol.  Survey  No.  110, 
1904,  pp.  156-158. 

Water  resources  of  the  Curwensville,  Patton,  Ebensburg,  and  Bamesboro  quad- 
rangles, Pennsylvania,  by  F.  G.  Clapp:  Water-Supply  and  Irrig.  Paper  U.  S.  Geol. 
Survey  No.  110,  1904,  pp.  159-163. 

Water  resources  of  the  Elders  Ridge  quadrangle,  Pennsylvania,  by  R.  W.  Stone: 
Water-Supply  and  Irrig.  Paper  U.  S.  Geol.  Survey  No.  110,  1904,  pp.  164-165.  " 

Water  resources  of  the  Waynesburg  quadrangle,  Pennsylvania,  by  R.  W.  Stone: 
Water-Supply  and  Irrig.  Paper  U.  S.  Geol.  Survey  No.  110,  1904,  pp.  166,  167. 

Well  records.     (See  reports  of  State  Geological  Survey  of  New  Jersey.) 
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DELAWARE. 


By  N.  H.  Darton. 


GEOLOGY. 

This  State  lies  almost  entirely  on  the  Coastal  Plain,  across  which  it 
extends  diagonally  to  the  Atlantic  Ocean.  The  crystalline  rocks 
emerge  at  the  surface  in  the  extreme  northern  portion  of  the  State, 
but  are  deeply  buried  under  the  Coastal  Plain  deposits  to  the  south- 
cast.  The  general  structure  is  shown  in  section  1,  PL  VII.  The 
topography  of  the  State  is  relatively  simple,  consisting  of  a  general 
terracQ  plain  averaging  about  50  feet  in  altitude  and  a  small  area  of 
higher  rolling  hills  north  and  west  of  Wilmington.  The  geologic 
formations  are  as  follows: 


Formation. 

Characteristics. 
Sanila,  ]oams,  and  gravel 

— 

Arc. 

Columbia 

Pleistocene. 

Chesai)eake 

Sands,  clays,  infusorial  earth, 
marl. 

Brown  sand  and  marl 

and 

Miocene. 

Pamunkey 

Kocene. 

Rancocas 

Middle  marl 

Later  Cretaceous. 

Redbank 

Sands  and  marl 

Do. 

Navesink 

Lower  marl 

Do. 

Matawan 

Clav  marl  and  sand 

Do. 

Raritan  and  Potomac 

Clays  and  sands 

Early  Cretaceous. 

Crj'stalline  rocks 

Granite,  gneiss,  gabbro,  limestone, 
and  quartzite. 

WATER  HORIZONS. 

As  relatively  few  deep  wells  have  been  bored  in  Delaware,  the  water 
horizons  have  not  been  fully  explored  over  a  very  wide  area.  The  well 
at  Aliddletown  (see  below)  has  obtained  a' fine  supply  of  water  from 
the  Potomac  formation,  apparently  from  the  basal  beds,  and  it  is 
probable  that  this  water  sheet  extends  from  Wilmington  past  Middfe- 
town  far  southward.  At  Farnhurst  it  yields  a  moderate  supply.  The 
dip  of  the  horizon  to  the  south -southeast  is  about  30  feet  to  the  mile, 
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which  carries  it  from  the  tide  level  at  Wilmington  to  a  depth  of  165 
feet  at  Farnhnrst  and  535  feet  at  Middletown.  Water  horizons  above 
the  lower  beds  of  the  Potomac  formation  and  in  the  Alatawan,  Red- 
bank,  and  Lower  Marl,  that  occur  in  New  Jersey,  were  not  reported  in 
the  Middletown  well,  which  probably  indicates  that  these  waters  do  not 
extend  into  Delaware.  The  principal  Chesapeake  horizons  appear  to 
be  represented  in  Delaware,  although  the  evidence  in  regard  to  their 
correlation  is  not  conclusive.  The  basal  Chesapeake  wat^er,  so  impor- 
tant in  Maryland,  has  not  been  reached  by  the  \^e\U.  The  water  from 
sands  in  the  gre^t  diatom  bed  (the  625-foot  horizon  at  Atlantic  Cit}') 
probably  supplies  the  Dover  and  Mahon  River  wells  with  their  large 
yields,  while  Miiford  and  Lewes  apparently  obtain  their  waters  from  a 
stratum  that  lies  just  above  the  diatom  bed.  As  the  Kitts  Hummock 
well  dmws  from  a  bed  al>out  125  feet  above  the  horizon  of  Dover  and 
Mahon  waters,  its  water  horizon  can  not  be  definitely  correlated  with 
any  of  those  at  Atlantic  City.  The  Ocean  City  well  in  Maryland  is  a 
high  Chesapeake  horizon  which  probably  extends  into  the  southern 
edge  of  Delaware,  but  no  wells  have  j'ct  been  sunk  to  it  in  that  State. 

WATER  SUPPLIES. 

DEEP  WELLS. 


There  are  only  a  few  deep  wells  in  the  State,  but  they  are  all  sucx»ess- 
ful  and  nearly  all  furnish  large  supplies  of  water.  The  following  is  a 
list  of  some  of  the  more  important  ones: 

Partial  list  of  deep  wells  in  Delaware. 


Locality. 


Dover . 


Clayton 

Do 

Do 

Famhuret . 


Kitts  Hummock. 

Lewes 

Mahon  River 

Middletown 


Middletown . 
Miiford 

Do 

Do 


Depth. 

Feet. 

1% 

150 
60 

85 
211 

110 
400 
206 
535 

90 
160 
150 


Wilmington    (Stoekle 
Brewery). 

Wilmington  (H.  &  F. 
Brewery- ), 

Wilmington  (Hart  & 
Bros.). 


Diam- 
eter. 


Capacity  per 
minute. 


Height  to    , 
which  water 
rises. 


Inches. 

xo{ 

6  ' 


Galiant. 

Flows     35| 
Pumps  218j 

30 


Feet. 
+  6 
+20 


Moderate. 


6  I 


Much.  -  2i 

15     To  surface. 

Much 

-60 


(?) 


(?) 


(?) 


400 

8 

i 

,077 

200 

6 

60 

60 

60 

15-18 

10  i 

75' 


-25 


Remarks. 


Water  alst)  at  157  feet. 
No  water  at  85-150  feet. 


Water  also  at  40  and  60  feet; 
rock  at  211  feet. 


Fine  quality  of  water:  much 
water  also   at  475  and   530 

feet. 


In  granite. 

In  granite,  96-1,077  feet. 

In  granite,  36-200  feet. 
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WELL  PROSPECTS. 

From  the  evidence  furnished  by  wells  now  yieldin^r  water  supplies, 
it  appears  probable  that  the  entire  Coastal  Plain  area  of  Delaware  is 
underlain  b}'^  water.  About  Middletown  and  to  the  north  the  Potomac 
waters  may  be  expected  at  depths  which  decrease  at  the  rate  of  30  feet 
per  mile  nearly  to  Wilmington,  where  the  Potomac  beds  come  to  the 
surface.  These  waters  may  extend  down  the  dip  south  of  Middletown 
for  many  miles,  but  as  no  wells  have  been  bored  to  them  in  that  region 
no  positive  prediction  can  now  be  made  as  to  the  probability  of  obtain- 
ing water  there.  At  Dover  they  should  be  expected  at  about  1,000 
feet  below  the  surface,  if  the  southward  dip  continues  at  a  uniform 
rate. 

The  Chesapeake  waters  begin  a  couple  of  miles  north  of  Clayton  and 
extend  to  the  southern  border  of  the  State.  The  basal  Chesapeake 
waters,  which  are  important  sources  of  supply  in  Maryland  and  in 
areas  farther  south,  have  not  been  tested  by  any  wells  in  Delaware, 
but  may  be  expected  to  extend  over  a  wide  area.  The  Clayton  boring 
to  150  feet  nearly  reached  this  horizon,  which  probably  lies  about  450 
feet  below  the  surface  at  Dover.  The  Dover  waters  no  doubt  are 
widespread,  for  they  are  probably  the  same  as  those  found  at  234  feet 
at  Federalsburg.  The  water  horizon  which  appears  to  extend  from 
Milf ord  to  Lewes  probably  also  underlies  all  of  eastern  Sussex  County, 
but  it  is  not  reported  in  any  of  the  Maryland  wells.  In  both  Kent 
and  Sussex  counties  there  are  almost  certain  prospects  for  Chesapeake 
waters  at  one  horizon  or  another  within  500  feet  of  the  surface.  Sec- 
tions 1  and  2,  PI.  VII,  show  the  conditions  so  far  as  there  are  any  data 
to  present  concerning  them. 

PRINClPAIi  PUBIilCATIONS. 

(Well  records. )    See  reports  of  State  Geological  Survey  of  New  Jersey. 

Artesian-well  prospects  in  the  Atlantic  Ck>a8tal  Plain  region,  by  N.  H.  Darton:  Bull. 
U.  S.  Geol.  Survey  No.  138,  1896,  pp.  117-124. 

Preliminary  list  of  deep  borings  in  the  United  States,  pt.  1,  by  N.  H.  Darton:  Water- 
Supply  and  Irrig.  Paper  U.  S.  Geol.  Survey  No.  57,  1902,  p.  21. 
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MARYLAND. 


By  N.  H.  Darton  and  M.  L.  Fuller.^ 


TOPOGRAPHY  AND  GKOLOGY. 

The  surface  of  Maryland  may  be  divided  into  four  topographic 
belt<,  determined  by  the  composition  and  structure  of  the  underlying 
rocks.  Three  of  these,  the  Piedmont  Plateau,  the  Appalachian  Moun- 
tain, and  Allegheny  Plateau  belt«,  are  continuations  of  those  developed 
in  Pennsylvania  and  described  in  connection  with  that  State.  In  addi- 
tion to  these  there  is  in  Maryland  the  great  Coastal  Plain  belt,  which 
stretches  southeastward  from  a  line  extending  from  near  Havre  de 
Grace  through  Baltimore  and  Washington  to  Chesapeake  Bay  and  the 
Atlantic  coast.  The  materials  of  this  belt  are  unconsolidated  clays, 
sands,  and  gravels,  mainly  of  Cretaceous  and  Tertiary  age.  When 
originally  deposited  the  beds  were  very  nearly  horizontal,  but  they 
have  been  since  tilted  so  that  they  now  dip  considerably  to  the  south- 
east. 

The  Coastal  Plain  is  moderately  low  and  where  not  eroded  by  streams 
exhibits  flat  surfaces.  Such  flat  areas,  however,  because  of  the  extent 
to  which  erosion  has  taken  place,  are  of  no  great  extent. 

The  rocks  of  the  Piedmont  Plateau  are  mainly  crystalline  and  include 
granites,  diorites,  and  other  igneous  or  metamorphic  rocks,  together 
with  some  schists,  slates,  and  crystalline  limestones.  In  altitude  the 
belt  is  somewhat  higher  than  the  Coastal  Plain  area.  Like  the  latter, 
it  shows,  in  those  portions  untouched  by  streams,  a  nearly  flat  surface 
due,  however,  in  this  instance,  to  long-continued  erosion  at  a  period 
when  the  rocks  stood  near  sea  level,  rather  than  to  nearly  level  depo- 
sition, as  in  the  Coastal  Plain.  The  rocks,  though  deeply  weathered, 
are  harder  than  the  Coastal  Plain  deposits  and  are  less  readily  gullied 
by  small  streams.  Moreover,  they  have  been  subjected  to  erosion  for 
a  much  longer  period  than  those  of  the  Coastal  Plain  and  more  rounded 
forms  have  been  developed. 

Bordering  the  crystalline  area  and  included  partly  within  the  area 
of  Ordovician  ro<?ks  to  the  west  is  a  belt  of  Triassic  sandstones  and 

a  The  following  account  of  the  water  resources  of  Marjland  has  been  prepared  by  M.  L.  Fuller,  but 
the  portions  relating  to  the  Coost^il  Plain  have  been  compiled  from  the  report  of  Mr.  N.  H.  Darton  on 
Artesian-well  prospects  in  the  Atlantic  Coastal  Plain  region:  Bull.  U.  S.  Geol.  Survey  No.  138,  1896. 
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shales  that  ranges  in  width  from  2  to  15  miles.     The  topogmphy  of 
this  belt  is  similar  to  that  of  the  Piedmont  belt. 

The  Appalachian  Mountain  belt,  as  in  Pennsylvania,  consists  of  a 
series  of  strongly  folded  Cambrian,  Ordovician,  Silurian,  and  Devo- 
nian rocks,  including  a  number  of  quartzites,  sandstones,  and  lime- 
stones, lying  mainly  between  Emmitsburg  and  Cumberland  and 
striking  northeast-southwest.  Beyond  Cumberland  the  rocks  consist 
of  moderately  folded  Devonian  and  Carboniferous  stmta,  the  hanler 
beds  of  which  give  rise  to  ridges.  These  ridges  are  not,  however, 
so  strongly  developed  as  those  lying  farther  east,  and  in  the  arotis 
between  them  plateaus  similar  to  those  of  western  Pennsylvania  have 
been  developed.  As  in  the  latter  State  the  plateau  in  Maryland  is 
deeply  cut  by  the  streams  which  drain  it. 

WATER  SUPPIilES. 

SPRINGS. 

Springs  are  numerous  throughout  Maryland,  but  it  is  only  in  the 
limestones  or  coarse  sandstones  of  the  strongly  folded  Appalac*hian 
belt  that  they  are  commonly  of  any  considerable  size.  In  rocks  other 
than  limestones  and  sandstones  the  springs,  though  numerous,  are 
small,  but  they  nevertheless  supply  pure  water  for  a  large  number  of 
inhabitants  in  the  more  thinly  settled  districts. 

In  the  crystalline  rocks  of  the  Piedmont  Plateau  springs  are  less 
common  and  are  generally  of  small  volume,  but  because  of  the  demand 
for  pure  water  for  drinking  purposes  in  the  larger  cities  a  number  of 
such  springs  have  been  developed  and  their  waters  placed  on  the  market. 
These  are  mainly  in  the  vicinity  of  Washington  and  Baltimore. 

The  more  porous  beds  of  the  Coastal  Plain,  where  cut  by  ravines, 
give  rise  to  numerous  springs.  These  are  commonly  small  and  their 
water  is  frequentl}^  hard  and  is  unsatisfactory  for  many  purposes. 
Relatively  little  use  is  generally  made  of  these  springs,  but  a  few  of 
them  that  possess  medicinal  properties  have  been  developed  and  their 
waters  placed  on  the  market. 

The  following  is  a  list  of  springs  reporting  shipments  in  1902:^ 

Blackiston  Island  Diuretic  Mineral  Spring,  BlackiHton  Inland,  St.  Mary  County. 

Bladensburg  Spa,  Bladensburg,  Prince  (ieorge  County. 

Carroll  Springs,  Forest  Glen,  Montgomery  County. 

Chattolanee  Springs,  Chattolanee,  Baltimore  County. 

Elim  or  Willmead  Spring,  Oxenhill,  Prince  (xeorge  County. 

Mardela  Mineral  Spring,  Mardela,  Wicomico  County. 

Rock  Hill  Indian  Spring,  Rockville,  Montgomery  County. 

Roland  Park  Artesian  Well,  Roland  Park,  Baltimore  County. 

Takoma  Spring,  Takoma  Park,  Montgomery  (bounty. 

apcalc,  A.  C,  Mineral  Resources  U.  S.  for  1902,  U.  S.  Gool.  Survey,  1904,  p.  996. 
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Of  these  springs  those  in  St.  Mary,  Prince  George,  and  Wicomico 
counties  are  from  Coastal  Plain  deposits.  The  remainder  are  probably 
from  the  crystalline  rocks  of  the  Piedmont  Plateau.  The  aggregate 
production  for  1902  is  given  as  488,228  gallons,  with  a  value  of  $45,100. 

STREAMS. 

The  small  streams  in  the  mountainous  regions  of  Maryland  are 
mainly  spring-fed  and  contain  in  their  upper  courses  very  pure  water. 
They  soon  become  contaminated,  however,  by  refuse  from  manufac- 
tories and  villages  situated  along  their  courses,  and,  although  fre- 
quently used  as  a  source  of  water  supply,  they  can  not  be  regarded  as 
a  desirable  source  of  water  for  domestic  use.  Moreover,  they  are 
often  highly  charged  with  silt. 

The  streams  of  the  Piedmont  and  Coastal  Plain  belts  are,  because 
of  the  relative  density  of  population  of  those  areas,  even  more  liable 
to  pollution  than  those  of  the  mountainous  area  and  are  seldom,  if 
ever,  desirable  sources  of  supply. 

WELLS. 

Allegheny  Plateau. — The  Allegheny  Plateau  is  developed  only  over 
a  limited  area  in  the  extreme  western  part  of  the  State.  It  is  cut  by 
the  Potomac  and  Youghiogheny  rivers  and  abounds  in  smaller  streams. 
Springs  are  also  common  in  this  region.  The  surface  watei-s  are  so 
abundant  that  the  relatively  small  population  depends  largely  on  natural 
water  supplies,  very  few  wells  being  sunk  except  in  the  river  bottoms, 
where  good  water  is  obtained  at  slight  depth.  Such  wells  as  have  been 
drilled,  however,  have  generally  procured  considerable  water  from  the 
shales  and  sandstones  of  the  Carboniferous  and  Devonian.  Several 
wells  in  the  synclines  or  basins  yield  flowing  water. 

Appalachian  Mountains, — There  are  a  few  wells  in  the  river  bot- 
toms and  there  is  an  occasional  shallow  rock  well  in  the  limestone  or 
shale  valleys  in  the  Appalachian  Mountain  belt,  but  deep  wells  are 
lacking,  springs  constituting  almost  the  only  source  of  natural  supply. 
Cisterns  are  sometimes  used. 

Piedmont  Plateau, — The  surface  of  the  Piedmont  Plateau  is  here, 
as  elsewhere,  made  up  of  more  or  less  deeply  weathered  and  jointed 
crystalline  rocks.  These  contain  considerable  water  in  the  aggregate, 
many  shallow  wells  deriving  their  supplies  from  their  weathered  upper 
portions,  while  other  wells  obtain  water  from  joint  fissures  at  greater 
depths.  The  occurrence  or  nonoccurrence  of  water  at  a  given  point 
can  seldom  be  predicted,  however,  because  of  the  great  variability  of 
the  governing  factors.  The  largest  supplies  are  obtained  from  these 
rocks  near  the  cities  of  Baltimore  and  Washington,  each  of  which  is 
discussed  sepamtely. 
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Coastal  Plain. — ^The  Coastal  Plain  region  in  eastern  Maryland  pre- 
sents the  usual  general  structural  relations,  but  certain  local  features 
are  conspicuous.  The  Karitan  formation  merges  into  the  underlying 
Potomac  formation;  the  upper  marl  of  the  marine  Cretaceous  thins 
and  changes  to  more  clayey  beds,  and  only  the  middle  and  lower  mem- 
bers continue  southward,  where  they  have  been  designated  the  Severn 
formation;  the  Pamunkey  greensand  marl  comes  in,  and  the  plateau 
areas  capped  by  the  Lafayette  formation  become  characteristic  fea- 
tures.    The  formations  are  as  follows: 

Coasted  Plain  formations  in  Maryland. 


Formation. 


Characteristics. 


Colambia 

Loams,  sands,  and  gravels  on  terraces  . 

Gravel,  sands,  and  loams 

Sands,  clays,  infusorial  earth,  and  marl. 
Glauconitic  marls  and  sands 

Quaternary. 
Pliocene? 

Lafayette 

Chesapeake 

Miocene. 

Pamunkey 

Eocene. 

8evem 

Black  argillaceous,  carbonaceous  sands. 

White  sands  and  brown  sandstones 

Clay,  sands,  and  gravels 

Cretaceous. 

Macoth  V 

Cretaceous. 

Potomac 

Early  Cretaceous. 

Arc. 


In  the  following  table  is  given  a  list  of  the  more  important  localities 
obtaining  deep  or  artesian  waters.  Baltimore  wells  are  not  given,  but 
are  considered  on  a  subsequent  page: 

Statistics  of  deep-well  localities  in  Maryland. 


Locality. 


Agricultaml  College  , 

Annapolis 

Bay  Ridge , 

Bowie 

Bimh  wood 

Cambridge,  6  wells.., 

Chapel  Point , 

Claiborne 

Cornfield  Harbor 

On  farm 

Crisfield*. 

Denton , 


Range  of  depth. 


From—    To— 


Feet. 


100 


EaAton.  6  wells . 


Federaisburg 

Indian  Head 

Laurel 

Le  Compt'8  store  . 

Leonard  town 

Marlboro 


240 
1,018 


102 


Feet. 
150 
201 
470 
384 
287 
370 
237 
440 
360 
370 

1,090 
359 

600 

234 
463} 
148J 
358 
300 
222 


Range  of  capacity 
per  minute. 


From— 


GaUom. 


0 
160 


40 


To— 


Gallons. 


20 


each.  250 
Many 


200 
30 

each,  75 
20 
Hi 
10 
4 
2 
25 


Geologic  horizon  of  water. 


Basal  Potomac. 

Magothy. 

Mid-Potomac. 

In  Potomac. 

Low  In  Pamunkey. 

Basal  Chesapeake. 

Basal  Pamunkey. 

Magothy,  in  Pamunkey. 

Basal  Chesapeake. 

Chesapeake,  Basal  Chesapeake. 

Magothy,  Potomac. 


I  Low  in  Chesapeake, 
I    Low  m  Severn? 

In  Chesapeake. 

In  Potomac. 

Basal  Potomac. 

Basal  Chesapeake. 

Do. 

Magothy? 


Into  Pamunkey, 
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Staiisties  of  deep-well  localities  in  Maryland — ContdQaed. 


Locality. 

Range  of  depth. 

From—    To— 

1 

Range 0 
pen 

From— 

f  capacity 
ainute. 

To- 

Gallong. 
15 

5 

1 

7 

130 

Geologic  horizon  of  water. 

MilesRivcrNeck  ("An- 

Fed. 

265 
195 
175 

:m 

256 
152 

270 
240 

'2.54 

270 

365 

101 
258 

400 
430 

OaOons. 

In  PamtiDkey. 

chorage") 
Miles  KlverNeck(  Long 

Basal  Chesapeake. 

I'oint) 
Nanjemov  ( Landing) . . 

Bafial  Pamunkey. 

Oakley 

Low  in  Pamunkev. 

Ocean  City 

Hitrh  in  Chesane&ke. 

Patuxent  River,  at  R. 

20     Roaal  Potomac? 

&  P.  R.  R. 
Piney  Point 

5  (?) 

Basal  Chesapeake. 

Roiisby  on  Patuxent 

Manv. 

Do. 

Rock    Point,    Charles 

3 

each.  2-6 

1 

Do. 

('ounty. 

St.  (ieorge  Island,  25 
wells. 

St.  Inigoes.  10  wellH, 
"Jutland." 

Salisbury 

Do. 

Do. 

350 

High  In  Chesapeake. 

Solomons     I.sland.    2 
wells. 

Tilghman  Island 

252 

10 

each,  150 

Many. 
Pumps,  100 

Basal  Chesapeake. 
Magothy? 

Tunis  Mills,  on  Miles 
River  Neck. 

Flows,  6 

Do. 

WATKR  HORIZONS. 

It  is  now  known  that  the  greater  part  of  the  entire  Coastal  Plain 
region  of  Maryland  is  underlain  by  several  horizons  of  water-bearing 
beds.  The  distribution  of  wells  and  water  horizons  is  represented  in 
the  cross  sections  of  PL  VII.  ' 

The  gravels  and  sands  of  the  basal  beds  of  the  Potomac  formation 
that  lie  on  or  near  the  floor  of  crystalline  rocks  are  the  principal 
sources  of  water  for  wells  sunk  in  the  western  portion  of  the  Coastal 
Plain.  How  far  southeastward  this  water  horizon  may  extend  has  not 
been  determined,  but  probably  it  will  ^neld  water  in  many  areas  nearly 
to  the  Atlantic  coast.  To  the  east  and  south  the  dip  of  the  Potomac 
horizon  carries  it  to  a  great  depth,  but  there  are  sevei'al  strata  of 
water  in  higher  beds  in  the  Potomac,  and  in  other  formations  at  more 
moderate  depths.  The  easternmost  successful  wells  which  have  reached 
the  base  of  the  Potomac  formation  are  those  in  the  southeastern  portion 
of  the  Baltimore  region,  in  the  District  of  Columbia,  and  at  Middle- 
town,  in  Delaware,  all  of  which  are  only  a  few  miles  from  the  outcrop 
of  the  fonnation,  so  that  the  eastern  extension  of  the  basal  Potomac 
waters  is  not  known  over  a  very  great  breadth  of  territory.  The  fail- 
ure of  a  well  at  Sparrow  Point  to  find  water  in  the  basal  beds  indicates 
also  that  the  sheet  of  water  is  not  general  at  this  horizon. 
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The  water  horizons  lying  at  various  distances  above  the  basal  beds, 
but  within  the  Potomac  fonnation,  have  been  extensively  explored  in 
the  vicinity  of  Washington  and  Baltimore,  where  they  appear  to  be 
widespread  and  satisfactorily  productive.  They  have  also  been  reached 
in  a  Marlboro  well  at  a  depth  of  216  feet,  and  in  a  well  at  Indian  Head 
at  459  feet.  A  well  at  Bowie  found  no  satisfactory  supply  of  water 
to  within  about  200  feet  of  the  base  of  the  formation,  nor  was  a  well 
on  Spesutie  Island  a  success,  though  it  appears  to  have  penetrated  the 
Potomac  beds  to  a  considerable  distance.  The  sands  of  the  Magothy 
foi-raation,  which  underlie  the  Potomac,  appear  to  be  water  bearers 
over  a  wide  area  on  the  Eastern  Shore  of  Maryland,  as  is  probably 
indicated  by  wells  at  Claiborne,  Tilghman  Island,  and  Crisfield,  and 
possibly  also  at  Tunis  Mills.  They  underlie  the  central  area  of  the 
Western  Shore  southeast  of  a  line  from  Bowie  to  the  mouth  of  the 
Patapsco  River,  but  do  not  appear  to  yield  water  in  Marlboro,  Annap- 
olis, and  Bay  Ridge  wells.  A  boring  to  600  feet  at  Easton,  unfortu- 
nately, probably  did  not  thoroughly  test  this  horizon,  otherwise  we 
might  have  had  some  important  evidence  for  that  portion  of  the  Eastern 
Shore  region.  A  265-foot  well  on  Miles  River  Neck  appeal's  to  draw 
its  water  from  a  horizon  in  the  Pamunkey  formation,  but  this  well  is 
the  only  indication  of  a  water  horizon  in  these  formations  in  the 
Eastern  Shore  region.  In  wells  at  Colonial  Beach,  Va.,  and  at  Nan- 
jemoy,  Chapel  Point,  and  Rock  Point,  in  Charles  County,  the  basal 
Pamunkey  beds  yield  water  which  probably  underlies  much  of  south- 
ern Maryland  southea.*<t  of  a  line  from  Herring  Bay  to  Livei-pool  Point. 

The  basal  Chesapeake  water  horizon,  which  is  well  explored  in  Vir- 
ginia, yields  water  over  a  wide  area  in  the  southern  counties  of  the 
Western  Shore  at  depths  from  200  to  300  feet,  as  in  wells  at  Solomons 
Island,  Leonardtown,  Piney  Point,  St.  Inigoes,  and  St.  Georges 
Island.  At  Cornfield  Harbor  it  is  365  feet.  This  horizon  also  fur- 
nishes large  water  supplies  at  Denton,  Cambridge,  and  Le  Compt\s 
store,  and  possibly  in  a  well  195  feet  deep  on  Miles  River  Neck,  on 
the  Eastern  Shore.  It  was  not  found  at  Crisfield,  nor  in  a  deeper  bor- 
ing at  Easton,  although  the  associated  sandstone  bed  was  reported  at 
Easton.  The  higher  Chesapeake  horizons  are  important  in  New  Jersey 
and  Delaware,  and,  although  not  extensively  tested  in  southern  Mary- 
land, they  probably  underlie  a  considemble  area  of  the  Eastern  Shore. 
At  Easton  the  large  water  supply  in  wells  100  feet  deep  is  derived  from 
a  horizon  in  the  Chesapeake  formation  about  150  feet  above  its  base, 
and  the  Federalsburg  water,  which  lies  at  a  depth  of  234  feet,  is  either 
at  the  same  horizon  or  at  one  not  a  great  distance  above.  The  small 
showing  of  water  at.  160  feet  at  Leonardtown  appeal's  to  be  a  local 
occurrence,  for  it  was  not  reported  in  other  wells  to  the  east.  Unsatis- 
factory water  was  obtained  at  Salisbury  from  a  much  higher  horizon. 
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and  the  flow  of  fine  water  at  Ocean  City  is  from  a  still  higher  horizon  of 
the  Chesapeake  formation.  In  the  wells  at  and  near  Cambridge  and  at 
Crisfield  no  waters  were  reported  above  the  basal  Chesapeake  beds; 
so  we  must  conclude  that  the  higher  waters  do  not  extend  in  that 
direction. 

BAIiTIMORFi  DISTRICT. 

GEOLOGY. 

Baltimore  lies  in  the  zone  in  which  the  crystalline  rocks  emerge  from 
beneath  the  Coastal  Plain  deposits.  Although  in  greater  part  it  is  built 
on  the  Potomac  formation,  the  depressions  of  Jones  and  Gwynns  falls 
are  excavated  to  the  crystalline  rocks,  and  these  rocks  rise  rapidl3'  to 
constitute  the  surface  in  the  region  north  and  west  of  the  city.  The 
Potomac  formation  consists  of  its  usual  materials,  in  which  predomi- 
nate clays  of  various  colors  and  fine  sands.  Toward  its  base  there  are 
beds  of  coarse  sands  and  gravels,  and  at  the  base  an  almost  general 
occurrence  of  these  materials,  lying  on  a  floor  of  crystalline  rocks. 
Some  features  and  relations  of  these  basal  beds  are  shown  in  PI.  VIII. 
The  coarse  materials  contain  widel}^  extended  sheets  of  water,  which 
have  been  tapped  by  many  well  borings  of  moderate  depth.  The 
rock  floor  slopes  rather  steeply  eastward,  at  a  rate  averaging  about  65 
feet  per  mile,  but  the  rate  appears  to  increase  locallj^  to  100  feet  along 
by  the  Basin.  The  basal  gravels  pass  beneath  tide  water  along  a  line 
extending  from  the  lower  Baltimore  and  Ohio  Railroad  bridge  over 
Gwynns  Falls  to  the  Fayette  Street  Bridge  over.  Jones  Falls,  and  thence 
due  east-northeastward.  The  principal  water  supplies  are  found  south 
of  this  line,  for  in  the  area  to  the  north  the  waters  are  free  to  flow 
laterally  into  the  depressions  of  Jones  and  Gwynns  falls.  The  basal 
gravels  emerge  in  the  northern  portion  of  the  city,  although  in  some 
areas  they  are  overlain  by  a  thin  cap  of  gravels  and  loams  of  earlier 
(Columbia)  age.  They  cap  the  Druid  Hill  Park  region,  the  ridges  for 
some  distance  out  Charles  street,  Roland  avenue,  and  York,  Harford, 
and  Belair  roads,  and  the  high  region  aljout  Catonsville.  In  these 
outlying  extensions  the  basal  gravels  constitute  a  C4ipping  on  the 
crystalline  rocks  which  averages  from  10  to  30  feet  in  thickness. 
The  principal  structural  relations  are  shown  in  the  sections  on  PI.  VIII. 
On  Patapsco  River  Neck  the  Potomac  formation  rapidly  thickens  as  the 
cr^^stalline  rock  floor  descends  to  the  east,  and  at  Sparrow  Point  its 
thickness  was  found  to  be  500  feet.  The  higher  ridge  which  extends 
along  the  northern  portion  of  this  neck  is  capped  by  a  thin  mantle  of 
earlier  Columbia  gravels  and  loams,  and  the  lower  teri*aces  consist  of 
later  Columbia  loams  and  sands,  with  some  gravel  in  the  lower  Iwds. 
These  formations,  however,  are  not  involved  in  the  question  of  the 
deeper  water  supply. 
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The  ciystalline  rocks  present  considerable  variety  of  materials,  but 
gneiss  and  granite,  or  '^gray  stone,"  and  "nigger  head,"  or  gabbro, 
are  the  most  conspicuous  varieties.  They  are  all  considerably  fissured 
and  often  deeply  decomposed  along  fissures  or  veins  of  moderate  width 
and  extent.  The  fissures  or  veins  are  usually  nearly  vertical  and 
extend  from  northeast  to  southwest.  They  are  water-bearers  in  greater 
or  less  measure,  but  their  distribution  and  extent  have  not  been  deter- 
mined, except  in  the  case  of  the  one  along  Belair  road,  which  has  been 
tested  for  a  short  distance. 

WATER  HORIZONS  AND  WELL  PROSPECTS. 

Cantcnu — ^The  wells  in  Canton  indicate  the  presence  of  several  widely 
extended  sheets  of  water  bearing  gravels,  the  upper  la^'ers  of  which 
are  interbedded  between  sheets  of  clay  and  fine  sand,  the  lower  bed 
lying  on  the  floor  of  crystalline  rocks.  The  dip  is  to  the  southeast  at 
rate  of  about  60  feet  per  mile.  In  PI.  VIII  the  first  section  lies  along 
Clinton  street  from  Highlandtown  to  Thirteenth  avenue  and  across 
Patapsco  River  to  Seawall.  The  three  principal  water  horizons  are 
lettered  A,  B,  and  C.  They  occur  from  the  bed  rock  up  at  intervals 
that  average  40  feet. 

There  are  several  wells  north  of  Canton,  at  Highlandtown,  which 
yield  large  water  supplies.  At  the  National  Brewery  there  are  two 
wells  to  240  and  450  feet,  and  at  Gunther's  brewery  two  wells  to 
207  and  208  feet.  The  waters  at  207  and  240  feet  are  probably  in 
basal  Potomac  beds,  or  at  Horizon  A,  as  shown  in  section  1,  PI.  VIII. 
At  Schluderberg's  packing  house  a  well  yields  water  at  135,  160,  and 
210  feet,  and  the  160-foot  or  third  horizon  was  tested  to  150  gallons  a 
minute.  The  basal  beds  of  the  Potomac  formation  probably  carry  the 
water  found  at  210  feet. 

East  Baltimore^  from  Canton  to  the  Basin. — There  are  onl}'  a  few 
wells  in  the  vicinity  of  Jones  Falls,  and  they  are  not  very  successful, 
but  from  the  foot  of  Patuxent  street  to  Ann  street  there  are  25  wells, 
nearly  all  of  which  are  large  producers  of  excellent  water.  The 
average  depth  is  between  80  and  120  feet,  and  the  principal  water 
horizon  is  B  of  the  Canton  region,  but  A  and  C  also  are  found. 
Section  2  of  PI.  VIH  illustrates  the  principal  relations. 

The  large  water  supply  found  in  the  basal  Potomac  beds.  Horizon  A, 
appears  to  extend  to  the  north  and  west,  but  it  was  not  reported  half 
a  mile  southeast.  The  greater  number  of  the  wells  in  this  district  find 
abundance  of  water  in  Horizon  B,  about  40  feet  above  the  basal  beds. 

What  appear  to  be  the  sea  horizons  of  the  Canton  region  yield  water 
in  places. 

In  the  region  immediately  adjoining  Jones  Falls  and  for  some  dis- 
tance to  the  west  on  the  north  side  of  the  Basin  deep  wells  do  not  yield 
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satisfactory  water  .supplies  on  ac*count  of  the  proximity  of  the  basal 
and  lower  Potomac  beds  to  the  surface.  Several  wells  have  penetrateil 
the  crystalline  rocks  and  found  a  fair  supply  of  satisfactory  water. 

lieijion  between  the  Bmm  and  the  harharand  Middle  Branch. — There 
are  several  wells  along  the  north  side  of  Locust  Point  from  the  Basin 
to  Fort  McIIenry,  which  yield  satisfactory  water  supplies  from  the 
Potomac  horizons. 

Probabl^^  Horizons  B  and  C  underlie  all  of  the  Locust  Point  region, 
and  Horizon  A,  in  the  basal  beds,  may  possibly  occur  at  some  localities 
southeast  of  the  Federal  Hill  region. 

On  the  Ferry  Bar  peninsula  there  are  a  few  widely  scattered  wells, 
which,  however,  indicate  that  the  favorable  conditions  in  Canton  and 
on  locust  Point  continue  to  the  west,  and  that  abundant  waters  may 
be  obtained  in  Horizons  C,  B,  and  A.  The  shallower  waters  are 
unsatisfactory  in  quality,  but  the  deeper  waters  give  no  scale  in  boilers 
and  occur  in  large  amounts. 

Between  the  Basin  and  Ridgely  Cove  a  number  of  attempts  have 
been  made  to  obtain  water  from  the  crystalline  rocks,  with  varying 
degrees  of  success. 

Region  from  Bvm>l\lyn  to  Curtia  Bay, — The  successful  group  of  wells 
at  Seaw^all  and  at  South  Baltimore  (Cuilis  liay)  indicates  a  wide  and 
general  extension  of  the  Potomac  waters  under  the  Curtis  Bay-Patapsco 
River  peninsula.  The  Seawall  water  at  217  feet  apjx^ars  to  represent 
Horizon  C.  The  562-foot  boring  at  Seawall  no  doubt  demonstrates  the 
absence  of  water  in  the  basal  Potomac,  or  Horizon  A,  in  that  vicinity, 
and  also  in  the  underlying  crystalline  rocks. 

Region  southeast  of  Canton  to  Sparroa)  Point, — The  wells  of  SI. 
Helena,  Dundalk,  and  Sparrow  Point  are  included  under  this  heading. 
Their  relations  are  shown  in  section  2,  PI.  VIII.  The  wells  at  St.  Helena 
are  probably  in  Horizon  C,  and  the  water  at  280  feet  at  Dundalk  is 
thought  to  be  in  Horizon  B,  which  probably  would  have  been  found 
at  200  feet  at  St.  Helena.  The  120-foot  water  at  Dundalk  is  possibly 
the  deepest  water  of  Sparrow  Point. 

The  Sparrow  Point  wells  are  a  most  satisfactory  group  of  water 
producers.  Their  principal  supply  is  obtained  at  a  depth  of  125  feet 
from  a  horizon  high  in  the  Potomac  formation,  for  a  well  sunk  to  a 
depth  of  41*5  feet  just  reached  the  gninite  bed  rock.  In  this  deep  well 
no  water  was  found  below  210  feet,  which  indicates  that  the  lower 
water  horizons  do  not  extend  far  eastward  in  this  region.  The  one 
well  which  draws  100  gallons  a  minute  from  a  depth  of  210  feet  obtains 
its  supply  from  a  horizon  which  can  not  be  definitely  correlated  with 
those  of  wells  farther  northwest. 

y</rthcast  Baltimore. — Several  breweries  in  this  section  of  the  cit}" 
have  deep  w^ells,  some  of  which  yield  satisfactory^  water  supplies. 
They  all  penetrate  the  crystalline  rocks  and  obtain  water  from  fissures 
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or  deeomjx)sed  portions  of  these  rocks  in  fair  supply,  but  when  wells 
were  sunk  to  iU5  and  400  feet  at  the  Bauernschinidt  Inewery,  a  block 
southwest,  the  supply  at  once  diminished  to  a  very  small  amount.  The 
well  at  the  Brehm  brewery,  which  is  some  distance  east  of  the  Belair 
road  and  several  squares  beyond  North  avenue,  was  sunk  in  the  rock 
to  a  depth  of  1,300  feet  without  finding  water,  but  it  is  considerably 
east  of  the  line  of  the  other  wells. 

The  Darley  Park  Brewer^'  well,  on  the  Harford  road,  three  squares 
north  of  North  avenue,  is  west  of  the  Belair-Gay  street  line  of  wells. 
The  waters  from  these  wells  differ  considerably  in  character,  but  in 
greater  part  they  are  satisfactory  for  })oilers  and  drinking,  although 
in  some  cases  the  water  is  too  ferruginous  for  general  use. 

Wt^stern  jmrt  of  Baltimore, — Except  the  well  at  the  Lipp  8oap 
Works,  at  Hollins  street  and  Calverton  Koad,  no  specific  data  for  borings 
in  the  western  part  of  Baltimore  are  at  hand.  The  soap  works  wells  are 
in  crx'stalline  rocks  and  reach  a  vein  or  fissure  which  3  ields  a  good 
supply  of  water  of  excellent  quality. 

PRINCIPAL.   PUBIilCATIONS. 

Mineral  springs  of  the  United  States,  by  A.  C.  Peale:  Bull.  U.  S.  Geol.  Survey 
No.  :J2,  pp.  51-53. 

Art  man- well  prosi)ect«  in  the  Atlantic  Coastal  Plain  region,  by  N.  H.  Darton: 
Hull.  I'.  S.  Geol.  Survey  No.  188,  pp.  124-155. 

Preliminary  list  of  deep  borings  in  the  United  States,  pt.  1,  by  N.  H.  Darton: 
Water-Supply  and  Irrig.  Paper  U.  S.  Geol.  Survey  No.  57,  p.  50. 

Water  resources  of  the  Accident  and  Grantsville  quadrangles,  Maryland,  by  G.  C. 
Martin:  Water-Supply  and  Irrig.  Paper  U.  S.  Geol.  Survey  No.  110, 1905,  pp.  1(>8-170. 

Water  resources  of  the  Frostburg  and  Flintstone  quadrangles,  Maryland  and  West 
Virginia,  by  G.  C.  Martin:  Water-Supply  and  Irrig.  Paper  U.  S.  (ieol.  Survey  No.  110, 
liH)5,  pp.  171-173. 

Descrij)tion  of  the  Fredericksburg  quadrangle,  Maryland  and  Virginia,  by  N.  H. 
Darton:  (tcoI.  Atlas  U.  S.,  folio  13,  U.  S.  Geol.  Survey. 

D(»scription  of  the  Noniini  quadrangle,  Maryland  and  Virginia,  by  N.  H.  Darton: 
(leol.  Atlas  U.  S.,  folio  23,  U.  S.  Geol.  Survey' 

Description  of  the  Washington  quadrangle,  Maryland,  District  of  Columbia,  and 
Virginia,  by  N.  H.  Darton  and  A.  Keith:  Geol.  Atlaa  U.  S.,  foho  70,  U.  S.  Geol. 
Survey. 
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DISTRICT  OF  COLUMBIA. 


By  N.  H.  Darton  and  M.  L.  Fuller. 


GEOIX>GY. 


The  District  of  Columbia  extends  a<*ross  the  zone  in  which  the  crys- 
talline rocks  emerge  from  beneath  the  Coastal  Plain  deposits  and  rise 
into  the  Piedmont  Plateau  to  the  west.  The  contact  line  crosses  the 
Potomac  River  at  Washington,  passes  through  the  western  portion 
of  the  city,  and  extends  northward  along  the  east  side  of  Rock 
Creek  Valley.  The  formation  that  lies  on  the  cr^^stalline  rocks  is  the 
Potomac,  which  consists  mainly  of  water-bearing  sands  and  gravels 
below  and  of  clay  and  fine  sands  above.  The  Potomac  formation  has 
in  all  a  thickness  of  about  700  feet,  and  outcrops  in  a  belt  from  7  to  8 
miles  wide,  which  extends  eastward  high  up  the  slopes  on  the  east 
side  of  Anacostia  River.  In  these  slopes  it  is  surmounted  by  younger 
fonnations,  consisting  of  a  succession  of  the  thin  western  edges  of  the 
dark  sandy  clays  of  the  Severn  foraiation,  the  impure  marl  of  the 
Pamunkey,  the  gray  clays  of  the  Chesapeake,  and  the  gravels  of  the 
Lafayette.  Washington  is  situated  on  a  series  of  broad,  low  terraces 
cut  in  Potomac  sands  and  clays  and  across  the  edge  of  this  formation 
into  the  crystalline  rocks. 

This  series  of  terraces  and  its  extension  along  all  the  lower  land  of 
the  District  is  capped  by  from  20  to  35  feet  of  gravelly  sands  and 
loams  of  the  Columbia  formation.  In  the  three  sections  in  PI.  IX  a 
fairly  clear  representation  is  given  of  the  structure  of  the  Washington 
region.  It  is  in  Good  Hope  Hill  that  the  Potomac  formation  passes 
under  the  Severn,  Pamunkey,  Chesapeake,  and  Lafayette  formations, 
as  shown  in  section  2,  but  there  are  also  small  outlying  areas  of  the 
Chesapeake  and  Lafayette  formations  on  the  high  lands  of  Soldiers' 
Home  Park  and  the  ridge  which  extends  to  Tenley. 

WATER  HORIZOKS  AND  PROSPECTS. 

Waters  of  the  crystalline  rocks, — Under  this  head  are  included  the 
watei*s  of  the  consolidated  rocks  of  the  Piedmont  Plateau  portion  of 
the  District.  These  rocks  comprise  granite-gneiss,  biotite-granite, 
diorite,  etc.,  and  are  generally  deeply  weathered  and  cut  by  numerous 
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joints.  The  disintegrated  nature  of  the  outcrops  is  favorable  to  the 
absorption  of  considerable  quantities  of  water  and  the  broken-up  rock 
acts  as  a  filter.  In  general,  the  area  of  the  consolidated  rocks  is  rela- 
tively thinly  settled  and  little  demand  is  made  on  it  for  water  supplies, 
except  by  shallow  wells.  The  few  deep  wells  that  have  been  put 
down,  however,  show  that  moderate  amounts  of  good  water  can 
frequently  be  obtained,  although,  because  of  variations  in  the  density 
of  the  rock  and  in  the  number  of  joint  fissures,  the  conditions  are  far 
from  constant. 

The  surface  of  the  consolidated  rocks  slopes  southeastward  from 
Rock  Creek,  where  it  is  exposed  at  an  elevation  of  200  feet,  at  an 
average  rate  of  110  feet  to  the  mile.  It  lies  at  a  depth  of  about  100 
feet  below  tide  level  in  the  center  of  the  District  and  of  about  600 
feet  at  the  southeastern  boundary.  The  crystalline  rocks  are  not 
depended  upon  as  a  source  of  water  east  of  Rock  Creek  because  of 
the  greater  quantities  that  are  found  in  the  sedimentary  beds  that 
overlie  them  in  this  region. 

Watct's  of  the  sedhaetitary  rocks. — All  of  the  sedimentary  formations 
carry  more  or  less  water,  but,  except  in  the  case  of  the  Potomac,  the 
flows  are  small  and  the  quality  is  not  the  best.  This  is  especially  true 
in  the  isolated  areas  capping  the  hills  of  crystalline  rocks,  even  the 
Potomac  frequently  failing  in  such  localities. 

The  Potomac  is  the  principal  water-bearing  formation  of  the  area; 
it  constitutes  the  surface  material  over  most  of  the  Coastal  Plain 
portion  of  the  District,  having  a  catchment  area  from  6  to  8  miles 
in  width.  Its  base  rests  on  the  crystalline  rocks,  dipping  southeast- 
ward with  the  latter.  Its  total  thickness,  as  pointed  out,  is  about  700 
feet. 

The  deeper-seated  underground  waters  have  been  tapped  by  a  sufli- 
ciently  large  number  of  wells  in  the  District  to  demonstrate  the  almost 
general  extension  of  water-bearing  beds  in  the  basal  and  lower  bed  of 
the  Potomac  formation,  and  there  is  often  a  fair  prospect  for  finding 
water  in  the  crystalline  rocks.  The  wells  that  did  not  find  a  satisfac- 
tor}'  water  supply  in  the  basal  Potomac  beds  are  at  the  Ice  Works  at  a 
depth  of  360  feet,  and  at  the  Mount  Vernon  Apartment  House  at  138 
feet.  On  the  other  hand,  the  St.  Elizabeth,  Metropolitan  Railroad 
power  house,  Palais  Royal,  Eckington,  Washington  Brewery,  and 
National  Capitol  Brewery  wells  obtain  large  supplies  from  that  hori- 
zon. In  surface  outcrops  the  basal  Potomac  beds  are  usually  coarse 
sands  and  gravels,  which  are  filled  with  water,  but  there  are  some 
local  areas  in  which  there  is  a  clay  matrix,  or  even  pure  clay,  extend- 
ing down  to  the  crystalline  floor.  This  was  found  to  be  the  case  at 
the  Mount  Vernon  Apartment  House,  while  at  the  Palais  Royal,  three 
squares  southwest,  the  basal  beds  were  coarse  sands  and  gravels  con- 
taining much  water.     In  the  380-foot  well  at  the  Ice  Works  coarse 
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busal  beds  were  found,  but  they  contain  no  large  supply  of  water. 
This  leads  to  the  conclusion  that  the  waters  are  in  part  choked  off 
toward  the  north  by  a  local  area  of  clayey  beds  which  does  not  influ- 
ence the  wells  at  the  breweries  near  by. 

Besides  the  basal  sands  and  gravels  of  the  Potomac  there  are  beds 
of  sand  or  gravel  at  several  other  horizons,  especially  near  the  top. 
Although  of  somewhat  uncertain  persistence  and  character  they  are  so 
numerous  that  good  flows  can  generally  be  obtained  at  or  even  consid- 
erably alK)ve  sea  level.  As  these  beds  occur  in  the  District  only  near 
its  southeastern  border  they  are  not  here  important  sources  of  water, 
the  underground  water  supplj^of  the  District  being  derived,  as  stated, 
mainly  from  .the  lower  beds. 

In  general  the  dip  of  the  Potomac  formation  corresponds  roughly 
with  the  slope  of  the  surface  of  the  underlying  crystalline  rocks, 
decreasing  from  an  elevation  of  200  feet  above  sea  level  just  east  of 
the  Zoological  Park  to  sea  level  in  the  vicinity  of  New  Hampshire  ave- 
nue, 200  feet  below  sea  level  at  the  Capitol,  300  feet  at  Lincoln 
Park,  40i)  feet  mmr  Anacostia  River,  and  600  feet  at  the  District  line; 
hence  there  is  a  constant  increase  southeastward  in  the  depths  to 
which  wells  must  be  sunk  to  the  water-bearing  beds. 

In  general  it  may  be  said  that  the  prospects  are  good  for  obtaining 
supplies  from  the  basal  beds  of  the  Potomac,  while  there  is  always  an 
additional  chance  of  finding  water  in  the  overlying  beds,  as  at  the  ice 
works.  Notwithstanding  the  density  of  the  population  of  almost  the 
entire  catchment  area  in  the  District,  the  organic  impurities  of  the 
water  are  largely  oxidized  and  removed  in  consequence  of  the  natural 
filtration  through  the  soil  and  sands,  so  that  the  supply  from  deep  wells 
is  usually  satisfactory  as  regards  purity. 

Mineral  springs, — Springs  are  fairly  numerous  in  the  District  of 
Columbia,  but  in  general  consist  only  of  small  seeps  from  the  disinte- 
grated crystalline  rocks  or  from  the  sandy  portions  of  the  Coastal  Plain 
formations.  A  number  have  been  developed,  however,  and  water  to 
the  amount  of  212,100  gallons,  with  a  value  of  $12,105,  was  placed  on 
the  market  in  1902.^    These  are  listed  below: 

Columbia  Natural  Lithia  Spring,  Washington. 
Crystal  Spring,  Washington. 
Gitchie  Crystal  Spring,  Benning. 
Laurel  wood  Spring,  Mount  Pleasant. 

PRINCIPAIi  PUBI.ICATIONS. 

Artesian-well  prospects  of  the  Atlantic  Coastal  Plain  region,  by  N.  H.  Darton:  Bull. 

U.  S.  Geol.  Survey  No.  138,  pp.  155-161. 
Description  of  the  Washington,  D.  C,  quadrangles,  by  N.  H.  Darton  and  A.  Keith: 

Geol.  Atlas  of  U.  S.,  folio  70,  U.  S.  Geol.  Survey. 


a  Peale,  A.  C,  Mineral  Resources  U.  S.  for  1902,  U.  S.  Geol.  Survey,  1904,  p.  996. 
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VIRGINIA. 


By  N.  H.  Darton  and  M.  L.  Fuller. 


PHYSIOGRAPHIC  DIVISIONS* 

There  are  four  well-defined  geologic  and  topographic  belts  in  Vir- 
ginia: (1)  The  Coastal  Plain,  (2)  the  Piedmont  Plateau,  (3)  the  Appa- 
lachian Mountain  belt,  and  (4)  the  Cumberland  Plateau.  The  first 
three  are  prolongations  of  the  belts  of  the  same  name  in  Maryland, 
with  which  they  agree  in  character.  The  fourth  corresponds  in  a  gen- 
eral way  with  the  Allegheny  Plateau  of  Pennsylvania  and  Maryland, 
although  its  surface  was  not  produced  at  the  same  geologic  period. 

GEOIiOC^Y  AND  WATER  HORIZONS. 

COASTAL  PLAIN. 
GEOLOGY. 

The  Coastal  Plain  region  of  Virginia  lies  east  of  a  line  which  passes 
through  Alexandria,  Fredericksburg,  Bothwell,  Richmond,  Petersburg, 
and  £mporia,  comprising  an  area  of  about  9,500  square  miles.  This 
district  is  traversed  from  northwest  to  southeast  by  a  series  of  great 
rivers,  which  divide  it  into  a  succession  of  long  ridges.  These  ridges 
are  remnants  of  a  plateau  surface  which  slopes  from  an  altitude  of  from 
300  to  200  feet  at  the  western  margin  of  the  Cotlstal  Plain  to  an  altitude 
of  about  100  feet  on  its  eastern  margin.  The  larger  rivers  are  tidal 
estuaries  that  occupy  low  valleys  and  meander  through  wide  terrace 
plains.  Chesapeake  Bay  is  widely  bordered  by  these  interstream 
ten-aces,  while  the  Eastern  Shore  of  Virginia,  which  lies  east  of  the 
bay,  is  a  low  plain,  as  is  also  the  wide  area  which  lies  between  Dismal 
Swamp  and  the  Atlantic  Ocean. 

The  geologic  structure  of  the  region  is  in  general  similar  to  that  of 
eastern  Maryland,  but  there  are  certain  differences  in  the  stratigraphy. 
In  the  outcrop  zone  the  Potomac  formation  becomes  predominantly 
sandy  and  the  Severn  and  Magothy  sands  are  absent,  so  that  the 
Pamunkey  marls  lie  directly  on  the  surface  of  the  Potomac  beds.  Far 
eastward,  under  the  bay  and  the  Eastern  Shore,  there  is  probably 
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presented  the  same  sequence  that  is  found  in  Maryland.  The  Chesa- 
peake forriiation  extends  farther  westward  in  southern  Virginia  and 
often  overlaps  on  the  cr^^stalline  rocks.  In  the  sections,  PI.  X,  there 
are  shown  the  general  structural  relations  in  Virginia  so  far  as  they 
are  known.  The  Coastal  Plain  formations  that  outcrop  in  the  State 
are  as  follows: 

Coastal  Plain  formations  in  Virginia. 


Formation. 

Characteristics. 

Age. 

Columbia 

Loams,  sands,  and  gravels  in  terraces . . 

Orange  sands,  loams,  and  gravels 

Clays,  sands,  infusorial  earth,  and  marl . 
Glauconitic  marls  and  sands 

Pleistocene. 

Lafayette 

Pliocene? 

Chesapeake 

Panmnkey 

Miocene. 
Eocene. 

Potomac 

Sands,  sandstone,  and  clays 

Early  Cretaceous. 

WATER  HORIZONS. 

The  greater  part,  if  not  all,  of  the  Coastal  Plain  region  of  Virginia 
is  underlain  by  water-bearing  stmta,  of  which,  to  the  east,  there 
are  several  horizons.  The  failures  to  obtain  the  higher  water  in  some 
of  the  wells  near  the  bay  indicate  that  in  this  area  at  least  there  are 
no  good  water  supplies  in  the  higher  horizons,  but  the  waters  of  the 
lower  horizons  have  not  yet  been  fully  developed.  The  success  of  the 
new  well  at  Fort  Monroe  definitely  proves  the  existence  of  one  of  these. 
The  failure  of  a  single  well,  as  at  Noilh  End  Point,  does  not  always  dis- 
prove the  existence  of  a  water  horizon,  for  in  many  instances  water 
has  been  passed  unnoticed,  or  willfull}^  by  well  borers. 

The  principal  water  horizons  in  eastern  Virginia  are  the  Chesapeake, 
the  Pamunkey,  and  the  Potomac. 

Potomac, — There  is  more  or  less  water  in  all  of  the  coarser  sand  beds 
of  the  Potomac  formation,  but  the  principal  supplies  may  be  expected 
from  the  sands  and  gmvels  of  the  basal  members  lying  on  the  basement 
floor  of  cr^'stalline  rocks.  This  horizon  has  yielded  much  water  about 
Washington,  Alexandria,  Quantico,  and  Walkerton.  It  is  probably  a 
strong  water-bearer  throughout  a  wide  extent.  Its  general  relations 
are  shown  in  PI.  X. 

Water  occurs  at  various  horizons  in  the  Potomac  formation  above 
the  basal  beds  in  sands  interbedded  among  the  clays.  This  water  is 
an  important  source  of  supply  in  the  District  of  Columbia  and  at 
Barrow,  near  Quantico,  but  elsewhere  it  has  not  been  fully  tested. 

Pamunkey, — ^The  coarse  gravel  and  sand  at  the  base  of  this  forma- 
tion appears  to  be  a  water-bearer  throughout  a  considemble  area,  fur- 
nishing supplies  at  Naylors  Wharf,  Chapel  Point,  Md.,  Colonial  Beach, 
Lester  Manor,  and  Whitehouse. 
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The  meager  supply  of  water  in  the  Clay  Bank  well  and  the  failure 
of  the  deeper  borings  at  Williamsburg  and  Gloucester  probably  indi- 
cate the  eastern  limits  of  the  horizon  as  a  water-bearer.  K  may 
extend  under  all  of  the  region  south  of  the  James  Riv^er,  alt!  jugh 
none  of  the  wells  appear  to  have  been  bored  suflSeienth'  deep  to  reaeh 
it.  It  is  to  be  expected  that  toward  the  east  the  materials  at  this 
horizon  finally  become  too  tine-grained  to  carry  water,  and  the  eastern 
limit  of  conditions  favorable  for  water  bearing  appears  to  be  at  Clay 
Bank,  on  York  River. 

Water  also  occurs  in  sands  in  the  Pamunkey  formation  about  90 
feet  above  its  base,  as  is  indicated  by  the  water  at  1(>0  feet  at  Colonial 
Beach,  and  at  275  to  325  feet  at  Naylors  Wharf;  but  as  it  has  not  been 
further  explored  by  other  wells,  its  Extent  can  not  be  discussed. 

Chesapeake. — Lying  between  the  clays,  marls,  and  fine  sands  of  the 
Chesapeake  formation  and  the  top  of  the  Pamunkey  formation  there 
is  a  series  of  sands  and  gravels  which  may  be  regarded  as  the  basal 
}>ed  of  the  Chesapeake  formation.  Toward  the  east  this  series  con- 
tains thin  interstratified  rock  strata,  which  do  not  appear  in  the  sur- 
face outcrops.  Ip  this  series,  and  in  another  similar  one  not  far 
above,  there  is  a  large  volume  of  water,  at  a  horizon  or  horizons 
which  appear  to  be  of  Vide  extent  in  eastern  Virginia.  These  waters 
have  been  explored  by  many  wells  and  have  been  found  to  underlie  a 
belt  of  country  about  20  miles  wide  lying  east  of  a  nearly  straight 
line  extending  from  Mathias  Point,  on  the  Potomac  River,  to  Emporia, 
on  the  Atlantic  Coast  Line  Railroad. 

Basal  Chesapeake  waters  were  apparently  absent  in  the  North  End 
Point,  Fort  Monroe,  Dendron,  Clay  Bank,  and  Gloucester  wells.  The 
wells  at  Crisfield,  Md.,  found  no  appreciable  supply  of  water  in  the 
basal  Chesapeake  beds. 

There  are  several  higher  water  horizons  in  the  Chesapeake  forma- 
tion, and  it  is  believed  that  certain  wells  at  Franklin,  Zuni,  Bowlers 
Wharf,  and  Mount  Carmel  draw  water  from  Chesapeake  beds  that  lie 
about  100  feet  above  the  base  of  the  formation. 

WELLS. 

The  occurrence  of  the  underground  waters  is  well  brought  out  by 
the  list  of  some  of  the  more  important  wells  of  the  Coastal  Plain  pre- 
sented in  the  following  table.  It  will  be  noted  that  the  supply  per 
minute  and  'the  bed  from  which  the  water  is  obtained  is  indicated  in 
each  case. 
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Partial  list  of  deep  weUs. 


LocHtiun. 


Depth. 


J'Teet. 

Alexandria  Brewer>'.        430 

Alexandria    Ice 
Worlcs, 

Arriiigdale,  2  \vell8. . 


Ashland . 

Do... 

Barrow . . 


Bellevue,  2  wells . 

Bothwell 

Bowlers  Wharf . . . 

Carters  Creek 

Clay  Bank 

Clifton,  2  wells... 


Coan,  8  wells 

Coan,  1  well 

Coles  Point 

Beach, 


(k>lonial 
wells. 

Courtland,  30  wells.. 

Cowart 

Ditehley 

Dendron 

Ferry,     I 


Dudleys 
wells. 

Dymer  Creek . 


Falrport 

Fort  Monroe 

Fort  Monroe.  Cham- 
berlin  Hotel. 

Franklin,  IC  wells... 

(JabelsMill 


Gloucester    Court 
House. 


Homewood,  5  wells. 


Jamestown 

King  and  Queen . . 

Kinsale 

Lancaster 

Do 

Lester  Manor,  3  wells. 

Lewisetta 

Little  Plymouth.. 

Monaskon 

Monatlco  Creek... 


Mount      Carmel 
Church. 

Naylors 


.  79 
100 
1»5 

212 
300 
143 
830 
538 
175 


315 
220 
2ri0 

160 
288 
620 
386 
175 


907 
945 

130 
226 
600 

817 

112 

248 
200 
235 
250 
285^ 
200 
317i 
168 
256 
250 
190 


811M?. 


In. 

H 

8 


Capacity  per 
minute. 


QaUon*. 

90 
20 

Flows  10 

Many. 
Many. 
Many. 

Flows  16  to  20 
20 

7 


Flows  2 

Flows  10  to 
12. 

Flows  2i 

15 
3 
5 


Flows  2 

Flows  2 

None. 

Flows  10 

Flows  7 

Flows  2 

None. 

Flows  50 

I  Many. 

Flows  20 

None. 

Flows  30 

Fair  supply. 

Flows  24 

Flows  1 

5 

Flows  12 


Flows  12 


Flows  2 


Flows  2 
Flows  \{ 

PIowhS 


HeiKht 

to  which 

water 

rises,  a 


Fcft. 


Horizon. 


Basal  Potomac. 


-12 
+10 
-41 


+4  to  +6 

-7 

Flows. 

+12 

+4 

+4  to +6 

+  12 

+  12 

+12 

+8to+16 


+6 
+4  to +6 


4  to  6 


+10 

Flow. 
+  10 


+2 
+35 

+15 


+8  to +12 


+ 
+6 

+45 


Remarks. 


Granite? 

(Jranlte 

In  Potomac 

Basal  Chesapeake. 

Newark 

Chesapeake 

do 

Basal  Pamunke}'?. 
do 


Basal  Chesapeake. 

do 

do 

Basal  Pamunkey  . 

Chesapeake? 

Ba.sal  Chesapeake. 


Basal  Chesapeake. 

Basal  Pamunkey.. 

Basal  Chesapeake. 

Potomac? 

....do 


Chesapeake 

Basal  Chesapeake. 
Pamunkey? 


Baaal  Chesapeake. 


Chesapeake . 


Basal  Chesapeake. 
Ba.sal  Pamunkey?. 
Basal  Chesapeake. 
....do 


Basal  Pamunkey?. 
Basal  Chesapeake. 

do 

do 

do 

Chesapeake 


Basal  Pamunkey. 


Soft  water. 

Poor  wat«r  at  300 
feet. 

Slightly    alkaline 
water. 


No  water  below  143 

feet. 


Soft  water. 


Water  also  at  240 
feet. 


Water  also  at  100 
feet. 


Water  also  at   240 
and  464  feet. 

Soft,  good  water. 


Slightly  saline  wa- 
ter. 


Stopped  at  rock 
stratum. 

Fine  water  W. 
Sulphurous  wa- 
ter at  270  feet. 

Ferruginous  wa- 
ter. 

Fine  water  68°. 


Much  water  at  826 
feet 


a  +,  feet  above  the  surface;  - ,  feet  below  the  surfaoe. 
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Partial  liM  of  deep  wells — Continued. 


Loctttioii. 


Newcastle 

Newport  News 

Norfolk 

Norfolk,  Lambert 
Point. 

Norfolk,    Money 
Point. 

North  End  Point.... 

Oak  Springs 

Onancock 

Plum  Point,  3  wells. . 

Possums  Nose 

Providence  Forge — 
Puritan  Bay,  2  wells. 
Puritan  Bay,  1  well. . 

Quantico 

Ragged  Point 

Richmond: 

Paper  mill 

Sherwood  Park.. 

Sherwoo<JPark,  1 

mile  northeast. 

Qinter's  farm 

Sandy  Point: 

Westmoreland 
County. 

Fairfax  County.. 

Sharps  Wharf 

Do 

Sheppard's   ware- 
house, 2  wells. 

Swan  Point 

Virginia  Beach 

Walkerton,  2  wells .. 

Weems 

West  Point,  200  wells. 

Whealtons 

White  House,  3  wells. 

WiUiamsbuig 

Do 

Windmill  Point 

Zuni 


Depth. 


Fsei. 
187 

±600 
147 
610 

562 

1,172 
400 
140 

168 
20O 
80 
216 
180 
350 
226 

400 

900 
250 

400 

236 
560 

235 
360 


+100 
70 

315 
260 
160 

250 

180-230 

876 

280 

430 

161 


Size. 


In. 


n 


Capacity  per 
minute. 


Oailont. 

Flows  10 

None. 

Much. 

65 

Much. 

None. 

Flows  10-12 

5 

Flows  10-12 


None. 

Flows  10-12 

Flows  10-12 

4-6 

1 

Fair. 

None. 
None. 

Satisfactory. 

3 
Satisfactory. 

Flows  12-35 


Flows  10-15 


Fair  supply. 
Flows  6-8 


Average  12 

20 

1-6 

None. 

Many. 

None. 

Flows  2 


Height 

to  which 

water 

rises. 


+2 


+5 


+6 
+8-12 


+4-6 

+4-6 

Flows. 

12 


Horizon. 


Chesapeake . 

do 

do 


do.... 

Potomac . 


Chesapeake 

Basal  Chesapeake.. 

Potomac 

Chesapeake 

Basal  Chesapeake.. 


Basal  Potomac 

Basal  Chesapeake.. 


Granite  . 


+12 
—24 

+24 


+6-8 


+4-6 


Average 

+2. 


+&-20 


.do. 
.do. 


.do. 


Basal  Chesapeake. 
Basal  Potomac 


Basal  Chesapeake. 
Pamunkey 


Basal  Chesapeake. 


Chesapeake 

Upper  Chesapeake . 

Potomac 

Chesapeake 

Basal  Chesapeake . . 

Basal  Chesapeake? 
Basal  Chesapeake. . 

Potomac 

Basal  Chesap'Mike. . 

Near    to    basal 
Chesapeake. 

Chesapeake 


Remarks. 


Very  hard  water. 
Saline  water. 


Ferruginous     wa- 
ter. 


140-486    feet;     no 
water. 


Unfinished. 


Surface   contami- 
nation. 


Fine  water. 


Nowater  below  270 
feet:  rock,  270- 
660  feet. 


Water  also  at  240 
feet. 


Ferruginous     wa- 
ter. 


Under  hard  rock 
stratum. 

To    top    of    rock 
stratum. 
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PIEDMONT  PLATEAU. 

The  Piedmont  Plateau  extends  from  the  Coastal  Plain  on  the  east 
to  the  foot  of  the  Appalachian  Mountains  on  the  west.  Its  surface  is 
made  up  mainly  of  more  or  less  crystalline  igneous  or  raetaraorphic 
rocks,  hut  is  marked  by  a  number  of  basins  of  Triassic  shales  and  sand- 
stones. 

Ov^er  the  greater  part  of  the  Piedmont  Plateau  the  uplands  are 
smooth  and  rounded  and  the  streams  flow  near  their  heads  in  broad, 
shallow  valle3's.  In  their  lower  courses  the  streams,  especially  the 
larger  ones,  have  formed  deep  channels,  and  a  strongly  rolling  topog- 
raphy has  been  developed.  Toward  the  west  the  topography  merges 
into  that  of  the  Appalachian  Mountain  belt. 

Crystalline  rocks. — The  crystalline  rocks  of  the  Piedmont  belt  are 
deeply  weathered  at  the  surface  and  are  broken  by  numerous  joints 
that  extend  to  considerable  depths.  As  in  similar  regions  elsewhere, 
the  weathered  upper  portion  everywhere  furnishes  supplies  for  shal- 
low wells.  Few  deep  wells  have  been  drilled,  but  it  is  probable  that 
moderate  amounts  of  water  would  be  obtained  in  a  considerable  per- 
centage of  the  wells  sunk.  The  water,  however,  would  be  likely  in 
many  instances  to  be  rather  strongly  mineralized  and  unsuitable  for 
some  purposes.  JVIoreover,  because  of  the  uncertainty  of  the  presence 
of  joints  or  other  water-bearing  fissures  in  the  rock,  the  occurrence  or 
nonoccurrence  of  water  in  a  well  at  a  given  locality  can  seldom  be 
predicted. 

Triussic  rocks, — The  Triassic  rocks  consist  of  a  series  of  shales  and 
sandstones,  with  a  few  coals,  etc.,  occupying  basin-like  depressions  in 
the  Piedmont  Plateau.  Moderate  or  small  supplies  of  water  are  gen- 
erally obtained  by  the  shallower  wells.  Deeper  wells  would  probably 
obtain  considerable  amounts  in  many  instances,  although,  as  in  other 
Triassic  areas,  the  waters  are  likely  to  be  mineralized.  Strong  springs 
occur  along  certain  of  the  faults  which  cut  this  area,  and  it  is  not 
improbable  that  flowing  waters  could  be  obtained  in  some  localities. 

APPALACHIAN  MOUNTAIN  BELT. 

The  term  Appalachian  Mountain  belt  is  used  in  a  broad  way  to 
include  the  entire  belt  of  folded  rocks  lying  between  the  Piedmont 
Plateau  and  the  Cumberland  and  Allegheny  plateaus  of  West  Virginia 
and  Pennsylvania.  The  rocks  are  of  Cambrian,  Silurian,  and  Devonian 
age,  and  include  quartzites,  sandstones,  shales,  and  limestones,  ^ear 
the  eastern  limits  of  the  belt,  separated  from  the  Piedmont  Plateau  by 
only  a  narrow  strip  of  folded  rocks,  is  the  Shenandoah  Valley.  This 
valley  is  underlain  by  Cambro-Silurian  limestones. 

The  Appalachian  Mountain  belt  is  in  general  thinly  inhabited  and 
contains  few  wells.    Springs  abound  and  constitute  the  main  source 
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of  supply  of  the  inhabitants.  The  quartzites  carry  very  little  water 
in  their  denser  portions,  although  springs  of  considemble  size  some- 
times issue  from  their  more  porous  parts.  The  springs  of  the  shales 
are  numerous,  but  are  generally  small.  In  the  limestone  area  of  the 
Shenandoah  Valley,  a  region  which  is  relatively  thickly  inhabited, 
dependence  is  placed  largely  on  cisterns,  the  waters  of  the  limestone 
being  of  uncertain  occurrence.  Near  the  borders  of  the  limestone 
area,  however,  springs  occur  at  some  places,  and  it  is  probable  that 
deep  wells  would  often  procure  good  supplies  at  these  localities,  but 
as  the  water  sometimes  occurs  in  definite  underground  channels  suc- 
cessful wells  would  not  always  be  obtained  at  such  places. 

The  waters  of  many  of  the  springs  of  the  higher  portions  of  the 
Appalachian  belt  are  warm,  and  at  a  number  of  places  the  springs  have 
been  developed  as  resorts.  At  other  springs  the  waters  are  bottled 
and  sold  for  medicinal  purposes.  The  association  of  these  springs 
with  anticlines  was  long  ago  pointed  out  by  W.  B.  Rogers.  It  is  not 
improbable  that  here,  as  in  other  regions,  in  some  instances  the  loca- 
tions of  the  springs  were  determined  by  faults.    . 

CUMBERLAND  PLATEAU. 

The  name  Cumberland  Plateau  is  applied  to  the  elevated  area  of 
Carboniferous  rocks  lying  northwest  of  the  Appalachian  Mountain 
belt.  Only  a  small  part  of  this  area  is  included  in  Virginia,  and  that 
lies  in  the  extreme  western  part  of  the  State.  The  underground  water 
supplies  of  this  region  are  like  those  of  the  portion  of  the  plateau 
included  in  Pennsylvania  and  Maryland.  Practically  no  deep  wells 
have  been  sunk,  but  it  is  probable  that  such  wells  if  put  down  would 
obtain  water  from  some  one  of  the  more  sandy  beds.  It  might  even 
rise  to  the  surface  in  synclines  or  other  favorable  situations.  Springs 
are  fairly  numerous,  but  small. 

COMMERCLA^Ii  SPRINGS. 

During  the  year  1902  sales  of  water  were  reported  from  48  springs, 
including  representatives  from  each  of  tbe  geologic  divisions  except 
the  Cumberland  Plateau.    These  are  as  follows :« 

*  jEtna  Lithia  Springs,  Roanoke,  Roanoke  County. 

*  Augusta  White  Lithia  Spring,  near  Augusta  Springs. 

*  Basic  Lithia  Spring,  Basic  City,  Augusta  County. 

*  Bear  Lithia  Springs,  near  Elkton,  Rockingham  County. 
t  Beaufont  Lithia  Spring,  Bea^font,  Chesterfield  County, 
t  Bellfont  Spring,  near  Manchester,  Chesterfield  County. 

t  Berry  Hill  Mineral  Spring,  near  Elkwood,  Culpeper  County. 

*  Blue  Ridge  Springs,  Botetourt  County. 

t  Buffalo  Lithia  Springs,  Buffalo  Lithia  Springs,  Mecklenburg  County. 

aPeale,  A.  C,  Mineral  Resources  U.  8.  for  1902,  U.  8.  Geol.  Survey,  1904,  p.  996. 
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t  Chase  City  Mineral  Springs,  Chase  City,  Mecklenburg  County, 
t  Como  Lithia  Spring,  East  Richmond,  Henrico  County. 
tCoppahaunk  Lithia  Arat^nic  Springs,  near  Waverly,  Sussex  County. 

*  Cove  Lithia  Spring,  Wy theville,  Wythe  County. 

*  Craig  Healing  Spring,  Vista  Craig,  Craig  County. 

*  Crockett  Arsenic  Lithia  Spring,  Shawsville,  Montgomery  County. 
Diamond  Spring,  Norfolk  County. 

t  Erup  Mineral  Spring,  near  Glen  Carlyn,  Alexandria  Coimty. 

fFannville   Lithia   Springs,   Cumberland    County,   near  Farmville,   Prince 

txlward  County, 
t  Fonticello  Lithia  Spring,  Chesterfield  County,  near  Richmond. 

*  Golindo  Lithia  Springs,  Weyers  Cave,  Augusta  County. 

t  Harris  Anti-Dyspeptic  and  Tonic  Spring,  Burkeville,  Nottoway  County. 

*  Healing  Springs,  Healing  Springs,  Bath  County. 

t  Houston  Lithia  Spring,  Houston,  Halifax  County, 
t  Hume  Springs,  St.  Elmo,  Alexandria  County. 

*  Hunter's  Pulaski  Alum  Springs,  Walkers  Creek,  Pulaski  County, 
t  Jeffress  Lithia  Silica  Springs,  Jeffress,  Mecklenburg  County. 

*  Jordan  White  Sulphur  Spring,  Stephenson,  Frederick  County, 
t  Lone  Jack  Spring,  Candless  Mountain,  Campbell  County. 
tMagee's  Chlorinated  Lithia  Springs,  Clarksville,  Mecklenburg  County. 
t  Massanetta  Springs,  Harrisonburg,  Rockingham  County. 

*  Montvale  Hygeia  Spring,  Montvale,  Bedford  County. 

*  Nye  Lithia  Springs,  Wytheville,  Wythe  County, 

*  O*  Council  Lithia  Spring,  near  Stribling  Springs,  Augusta  County. 
t  Otterbum  Lithia  and  Magnesia  Springs,  Amelia,  Amelia  County, 
t  Paeonian  Spring,  Paeonian  Springs,  Loudoun  County. 

t  Pontiac  (formerly  Powhatan)  Spring,  near  Falls  Church,  Alexandria  County, 
t  Powhatan  Lithia  and  Alum  Springs,  near  Tobaccoville,  Powhatan  County. 

*  Rockbridge  Alum  Springs,  Alum  Springs,  Rockbridge  County. 

*  Rubino  Healing  Lithia  Springs,  Healing,  Bath  County. 

*  Seawright  Magnesian  Lithia  Spring,  near  Staunton,  Augusta  County. 

*  Seven  Springs,  near  Glade  Spring,  Washington  County. 

*  Shenandoah  Alum  Springs,  near  North  Mountain,  Shenandoah  County. 
t  Sublett's  Lithia  Spring,  near  Danville,  Pittsylvania  County. 

t  Swineford*s  Arsenic  Lithia  Springs,  Osceola,  Chesterfield  County. 

*  Virginia  Magnesian  Alkaline  Springs,  near  Staunton,  Augusta  County. 

*  Virginia  Waukesha  Lithia  Springs,  Staunton,  Augusta  County. 

*  Wallawhatoola  Alum  Springs,  near  Millboro  Spring,  Bath  County. 
t  Wolf  Trap  Lithia  Springs,  Wolf  Trap  Depot,  Halifax  County. 

Of  these  only  the  Diamond  Springs  of  Norfolk  County  appear  to  be 
in  the  Coastal  Plain.  Of  the  remainder  those  marked  *  are  in  thQ 
Mountain  belt,  while  those  marked  t  are  in  the  piedmont  belt.  The 
total  output  for  1902  was  2,442,398  gallons,  having  a  value  of  $423,212. 

PRINCIPAIi  PUBIilCATIONS. 

Mineral  springs  of  the  United  States,  by  A.  C.  Peale:  Bull.  U.  S.  Geol.  Survey 

No.  32,  pp.  54-68. 
Artesian-well  prospects  of  the  Atlantic  Coastal  Plain  region,  by  N.  H.  Darton:  Bull. 

U.  8.  Geol.  Survey  No.  188,  pp.  162-190. 
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Preliminary  list  of  deep  borings  in  the  United  States,  pt  2,  by  N.  H.  Darton:  Water- 
Supply  and  Irrig.  Paper  U.  S.  Geol.  Survey  No.  61,  p.  60. 

Description  of  the  Fredericksbuiig  quadrangle,  Maryland  and  Virginia,  by  N.  H. 
Darton:  Geol.  Atlas  U.  S.,  folio  13,  U.  8.  Geol.  Survey.   . 

Description  of  the  Nomini  quadrangle,  Maryland  and  Virginia,  by  N.  H.  Darton: 
Geol.  Atlas  U.  S.,  folio  23,  U.  S.  Geol.  Survey. 

Description  of  the  Washington  quadrangle,  Maryland,  District  of  Columbia,  and 
Viiginia,  by  N.  H.  Darton  and  A.  Keith:  Geol.  Atlas  U.  S.,  folio  70,  U.  S.Geol. 
Survey. 

Description  of  the  Norfolk  quadrangle,  Virginia  and  North  Carolina,  by  N.  H.  Dar- 
ton: Geol.  Atlas  U.  S.,  folio  80,  U.  S.  Geol.  Survey. 
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NORTH  CAROLINA. 


By  M.  L.  Fuller. 


In  North  Carolina  only  two  of  the  geogi'aphic  and  topographic  belts 
recognized  in  Virginia  are  extensively  developed.  These  are  the 
Coastal  Plain  and  the  Piedmont  Plateau.  That  part  of  the  Appala- 
chian Mountain  belt  which  (consists  of  folded  sedimentary  rocks  is 
present  only  in  the  extreme  western  portion  of  the  State.  The  Pied- 
mont Plateau,  however,  becomes  in  this  State  mountainous  as  it 
approaches  the  former  belt  and  topographically  grades  more  or  less 
imperceptibly  into  it.  The  Cumberland  Plateau  is  not  represented  in 
the  State. 

COASTAIi  PIiAIN.« 

The  geology  of  the  Coastal  Plain  in  North  Carolina  differs  from  that 
of  Virginia  principally  in  the  reappearance  of  the  marine  Cretaceous 
beds,  which  thicken  rapidly  and  rise  to  tide-water  level  and  above 
nearly  as  far  east  as  Wilmington.  The  Eocene  formation  thins  some- 
what, and  in  the  southern  counties  lies  almost  entirely  above  tide  level, 
on  an  irregular  floor  of  marine  Cretaceous  sands  and  marls. 

The  Chesapeake  beds  thin  rapidly  southward,  and  lie  mostly  above 
tide  level  in  shallow  basins  on  the  Eocene  or  marine  Cretaceous. 

The  Potomac,  the  most  important  water-bearing  formation  of  the 
Coastal  Plain  region,  is  best  developed  along  the  western  border  of 
this  region  in  the  counties  southwest  of  the  Neuse  River — Harnett, 
Moore,  and  Richmond.  In  these  counties  the  Potomac  sti*ata  are 
exposed  at  intervals  over  a  considemble  area;  and,  dipping  gently 
southeastward  on  the  eroded  surface  of  the  crj- stalline  rocks,  doubtless 
carry  considerable  quantities  of  water.  The  Potomacr  formation  also 
reaches  the  surface  over  limited  areas,  both  north  and  south  of  Roanoke 
River  above  Weldon,  and  there  are  also  outcrops  of  the  formation  at 
intervals  between  the  Roanoke  and  Neuse  rivers,  but  in  this  region  the 
exposed  areas  of  the  formation  are  far  less  extensive  than  ])etween  the 

a  Compiled  from  notes  of  J.  A.  Holmes  published  in  Bull.  U.  S.  Geol.  Surrey  No.  188, 1896,  pp.  190-19:. 
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Neuse  and  the  Pedee,  and  consequently  the  underground  water  sup- 
plies below  the  Tertiary  marls  of  the  counties  between  the  Neuse  and 
Roanoke  will  probably  prove  to  be  less  abundant  than  in  the  more 
southerly  counties. 

The  general  geologic  structure  of  the  Coastal  Plain  in  North  Car 
olina  is  indicated  in  the  accompanying  section  by  Professor  Holmes, 
fig.  20. 


Fio.  20.— Cross  nectlon  of  the  Coastal  Plain  region  in  North  Carolina,  from  near  Sanford  to  the  coast 
near  Wilmington.  A,  crystalline  schists;  B,  Potomac  sand,  arkose,  and  clays;  C,  marine  Cretaceous 
sands,  maris,  etc.;  D,  Tertiary  marls  and  shell  roclc  (Eocene  and  Chesapealce);  E,  Lafayette  and 
overlying  Columbia  formation.    Vertical  scale  greatly  exaggerated. 

It  is  not  yet  possible  to  present  a  review  of  the  water  horizons  or  of 
the  well  prospects  in  the  State,  but  the  following  partial  list  of  wells 
shows  the  results  obtained  by  drilling  at  a  considerable  number  of 
points. 

Partial  list  of  deep  wells  in  the  Coastal  Plain  region  of  North  Carolina. 


Locality. 

County. 

Depth.  1                           Remarks. 

Elizabeth  City,  10  wells 

Edenton 

Pasquotank 

Chowan 

Ftet. 
&i 

B40 
180 
140 
100 
860 
215 
300 

60-76 
205 

115 
340 

130 

100, 160, 
and  195 

212 

230 

850 

50 

90 

90 

200 

lao 

Flow  15  gallons  each;  water  hard  and 
sulphurous. 

No  water 

A  voca 

Bertie 

Do. 

Washington 

Beaufort 

Water  not  very  satisfactory  in  quality. 
Do. 

Do 

do 

Do 

do 

No  water 

YatesvUlc 

do   ..  .. 

Flows  50  to  60  gallons. 

Flows  16  gallons  of  sulphurous  water; 
water  also  at  120  feet. 

Yields  10  gallons  of  unsatisfactory  water. 

Pumps  15  gallons  of  fine  water;  water 
also  at  85  feet. 

Flows;  water  sulphurous. 

Flows  a  good  supply  of  flue  water  from 
depth  of  about  86  feet. 

Flows  good  water. 

Satisfactory  water. 

Flows  good  water. 
Flows 

D.  C.  Way  Lxmiber  Co 

do 

Roper 

Lake  Landing 

Washington 

Hyde 

Lake  Comfort 

do 

S  wa.nquarter 

do 

Rone  Bay 

do 

Scranton,  8  wells 

do 

Mlddleton 

do 

FairSeld 

..    .do 

Newbem 

Craven  . 

Pumps  good  water. 
Do 

Do 

do        .    . 

Do 

do.    . 

Do 

8pHng<^r  Lnmbpr  Co. .,,.,.,, 

Pamlico . 

Pumps  very  hard  water. 
Flows  sulphurous  water. 
Da 

Beaufort 

Carteret 

jackionTllle,  8  wells 

Onalow 
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Partial  list  of  deep  wells  in  the  Coastal  Plain  region  of  North  Carolina — Continued. 


Locality. 

County. 

Depth.  '                           Remarks. 

Tarboro 

Edgecombe 

Feet. 
75 
82 
160 
218 
200 -f 
125 
266 
115 
57 

Flows  2  gallons. 

Do 

Do 

Do 

areenvllle 

Witoon  Cotton  Mills 

do 

Pumps. 

do 

Do. 

do 

Flows. 

Pitt 

Water  obtained,  but  pipe  filled  with  imnd. 

Wilson 

Hard  water. 

Gkildsboro 

Wa>nie 

Quantity  and  quality  satisfactory. 

Kinston 

Lenoir 

Pipe  filled  with  quicksand. 

lAffTfinfiro  (5  mil(*H  nouth^ .... 

do 

Flowing  well. 

Warsaw 

Duplin 

In  progcfls. 

Burlaw 

Pender 

100 
176 

Water   to   near  surface;    quantity  and 

Longcreok 

do 

quality  satisfactory. 
Stopped  in  quicksand. 

Vineland 

Columbus 

do 

63 

225 

495 

84-100 

400 

Flows  4  gallons. 

Do 

Water  nearly  to  loirface. 

Wilmington 

New  Hanover 

do 

Flows  75  gallons;  Tery  saline  water. 

Wilmington,  3  wells 

Pump  400  gallons  each  of  good  water. 

Hammork'f . , , .  ^  -  ^ 

do 

8-gallon    flow  of  good  water  from   100 

1eet(?). 

PIEDMONT  PliATEAU. 

The  Piedmont  Plateau  lies  between  the  Coastal  Plain  and  the  folded 
mountain  belt,  as  in  Virginia.  The  rocks  are  crystalline  (igneous  or 
metamorphic),  and  are  characterized  by  basins  of  Triassic  shales  and 
sandstones  similar  to  those  in  Virginia. 

The  topography  is  much  the  same  as  in  Virginia,  except  that  it  is 
more  rugged  in  the  western  portion  next  to  the  mountains.  The 
crystalline  rocks  are  even  more  weathered  than  in  Virginia  and  are 
similarly  broken  by  joints.  Water  in  small  to  moderate  amounts  could 
probably  be  obtained  almost  anywhere  within  this  belt,  although  large 
supplies  are  not  to  be  looked  for.  It  would  rarely,  if  ever,  rise  to  the 
surface,  and  is  likely  to  be  mineralized.  The  waters  of  the  springs  of 
the  belt  contain  large  amounts  of  mineral  matter  and  are  extensively 
used  for  medicinal  and  table  purposes. 

The  Triassic  rocks  are  somewhat  similar  to  those  in  Virginia,  and 
doubtless  carry  considerable  water  in  their  more  porous  beds.  Very 
few  deep  wells,  however,  have  been  sunk  in  the  Triassic  areas. 

APPAIiACHIAN  MOUNTAIN  BEIiT. 

As  has  been  indicated,  only  a  part  of  the  Appalachian  Mountain  belt 
lies  within  the  State  of  North  Carolina.  The  rocks  represented  are 
more  metamorphic  than  those  in  the  States  previously  described,  and 
are  frequently  crystalline  or  semicrystalline.  A  few  of  the  less  meta- 
morphic rocks  also  occur.    The  mountain  belt  in  this  State  is  relatively 
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inaccessible  and  very  thinly  inhabited.  The  numerous  springs  which 
occur  throughout  the  belt  form  practically  the  entire  source  of  water 
supply  of  the  inhabitants. 

MINEUAIi  8PRING8. 

The  important  mineral  springs  of  North  Carolina  are  located  on  the 
Piedmont  Plateau.  Of  the  10  springs  that  report  sales  of  water  in 
11>02  only  1 — the  Seven  Springs  of  Wayne  (bounty — is  in  the  Coastal 
Plain.     The  following  is  a  list  of  these  springs:  * 

Alkalithia  Spring,  Alkalithia  Springs,  Alexander  County. 

Barium  Rock  Spring,  Barium  Springs,  Iredell  County. 

Jackson  Springs,  Jackson  Springs,  Moore  County. 

Lemon  Springs,  Lemon  Springs  Station,  Moore  County. 

Mida  Spring,  near  Chariotte,  Mecklenburg  County. 

Panacea  Springs,  near  Littleton,  Warren  County. 

Park's  Spring,  Caswell  County,  near  Danville,  Va. 

Seven  Springs,  Sevensprings,  Wayne  County. 

Thompson  Bromine  Arsenic  Springs,  Crumpler,  Ashe  County. 

V^ade  Mecum  Spring,  Vade  Mecum,. Stokes  County. 

The  total  quantity  of  water  sold  in  1902  is  given  as  104,400  gallons, 
having  a  value  of  $18,795. 

PRINCIPAIi  PUBIilCATIOXS. 

Mineral  springs  of  the  United  States,  by  A.  C.  Peale:  Bull.  U.  S.  Geol.  Survey  No. 
32,  pp.  74-78. 

Artesian- well  prospects  of  the  Atlantic  Coastal  Plain  region,  by  N.  H.  Darton 
[North  Carolina,  by  J.  A.  Holmes]:  Bull.  U.  S.  Geol.  Survey  No.  138,  pp.  190-207. 

Preliminarj'  list  of  deep  borings  in  the  United  States,  Pt.  2,  by  N.  H.  Darton: 
Water-Supply  and  Irrig.  Paper  U.  S.  Geol.  Survey  No.  61,  pp.  20. 

Water  resources  of  the  Cowee  and  Pisgah  quadrangles.  North  Carolina,  by  H.  S. 
Gale:  Water-Supply  and  Irrig.  Paper  U.  S.  Geol.  Survey  No.  110,  pp.  174-176. 


a  Peale,  A.  C,  Mineral  Resources  U.  8.  for  1902,  U.  S.  Geol.  Survey,  1904,  p.  996. 
IBR  114— Oe 10 


Digitized  by  VjOOQIC 


SOUTH  CAROLINA. 


By  L.  C.  Glenn. 


SUBDIVISIONS. 

South  Carolina  is  divided  by  a  line  running  northeastward  from 
Augusta,  Ga.,  through  Columbia,  Camden,  and  Cheraw,  S.  C,  into 
a  Coastal  Plain  portion  to  the  southeast  and  a  Piedmont  Plateau 
portion  to  the  northwest.  The  Coastal.  Plain  region  is  some- 
what the  larger  of  the  two  divisions  and  consists  geologically  of  inter- 
stratified  beds  of  sand,  clay,  arid  marl  of  Cretac'cous  or  later  age  that 
are  as  yet  mostly  unconsolidated.  The  Piedmont  Plateau  region  con- 
sists geologically  of  crystalline  rocks  whose  exact  age  is  unknown, 
although  they  are  thought  to  be  largely  Archean  or  Algonkian. 
Because  of  this  difference  in  their  geology  the  water  supplies  and 
water-supply  problems  of  the  two  sections  of  the  State  differ  widely 
in  their  nature.     Each  section  wnll  be  considered  separately. 

The  climatic  factors  affecting  the  water  supplies  are  simple 
and  may  be  briefly  stated.  The  annual  rainfall  varies  somewhat  from 
year  to  year,  but  averages  about  60  inches  and  is  almost  uniformly 
distributed  over  the  State.  Autumn  is  the  dryest  of  the  seasons, 
receiving  2  or  3  inches  less  than  its  normal  proportion  of  the  rain- 
fall, and  in  consecjuence  streams  are  usually  lowest  in  the  late  fall. 
Winter  receives  2  or  3  inches  more  than  its  proportion.  The  streams 
of  the  Coastal  Plain  are  never  frozen  over.  During  severe  winters  ice 
may  occasionally  form  on  streams  in  the  inner  part  of  the  Piedmont 
region,  but  it  lasts  only  a  few  days  at  a  time  and  never  become^s  thick 
enough  to  interfere  with  the  utilization  of  the  streams  for  water  power. 

GEOL.OGY    AXD    WATER    SUPPI^Y. 

PIEDMONT  PLATEAU. 
(JENERAL   FEATURES. 

CharacUr,  —Viewed  broadly  the  Piedmont  Plateau  is  essentially  a 
plane  surface  with  an  average  elevation  along  its  outer  or  southeastern 
edge  of  500  feet.  It  rises  gently  to  the  northwest  to  an  average  ele- 
vation of  1,000  feet  along  its  inner  edge.  Beneath  this  general  sur- 
face the  main  streams  which  flow  southeastward  have  incised  their 
courses  50  to  150  feet,  and  with  their  many  tributaries  have  sculptured 
140 
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it  into  a  gently  rolling  plateau  that  breaks  into  hills  near  the  main 
drainage  ways. 

Rocks, — The  rocks  of  the  Piedmont  Plateau  consist  of  highly  meta- 
moi-phosed  gneisses  and  schists,  cut  by  granites  and  later  intersected 
by  many  dikes,  chiefly  of  diabase  and  presumably  of  Newark  age. 
The  gneisses  and  schists  are  regarded  as  pre-Cambrian  in  age.  They 
have  suffered  such  profound  and  repeated  metamorphism  that  in  very 
many  cases  their  original  character  has  been  lost.  Original  bedding 
planes,  if  any  ever  existed,  have  been  obliterated  and  planes  of  schis- 
tosity  have  been  developed  that  have  prevailingly  a  northeast-southwest 
strike  and  steep  dips  that  range  between  southeast  and  northwest.  In 
a  few  places  narrow  broken  belts  of  crystalline  limestone  or  of  meta- 
morphosed conglomerates  indicate  original  sedimentary  beds. 

The  granites  are  prevailingly  coarsely  crystalline  to  porphyritic, 
though  some  areas  are  of  fine  and  uniform  grain.  They  were  intruded 
at  various  periods,  all  of  which  were  probably  pre-Cambrian,  and  have 
since  been  exposed  at  the  surface  by  long  and  profound  erosion,  for 
it  seems  highly  probable  that  the  Piedmont  Plateau  has  been  a  land 
surface  since  early  Paleozoic  time. 

Residiutl  soil  jnantle. — During  all  this  time  the  disintegration  and 
weathering  of  the  crystalline  rocks  of  the  plateau  has  been  in  progress. 
During  most  of  the  time  the  solid  rocks  have  been  covered  with  a 
blanket  of  weathered  material,  which  has  at  certain  periods  of  uplift 
been  largely  removed  to  furnish  material  to  build  the  Coastal  Plain.  At 
present  a  blanket  of  disintegrated  material  50  to  150  feet  thick  over- 
lies the  solid  rock  over  practically  all  of  the  Piedmont  region.  Much 
of  this  disintegrated  material,  especially  near  the  surface,  is  a  very 
fine-grained  red  clay,  that  makes  the  Piedmont  streams  a  muddy  red 
or  yellow  color. 

WATER  SUPPLIES  OF  PIEDMONT  PLATEAU. 

Effect  of  residual  mantle, — The  residual  mantle  plays  an  important 
role  in  relation  to  the  water  supply  of  the  Piedmont  region,  for  much 
of  the  rainfall  is  absorbed  by  it  and  held  to  be  fed  out  gradually  to 
springs  and  streams,  thus  making  the  stream  flow  more  uniform  than 
if  the  undisintegrated  crystallines  reached  nearly  to  the  surface.  The 
main  streams  of  the  region  have  cut  down  through  this  blanket  of  dis- 
integrated material  to  the  solid  rock  beneath,  which  often  shows  in 
exposed  ledges  along  their  courses.  Many  of  their  tributaries  have 
cut  narrow  valleys  far  back  into  the  interstream  area. 

Springs, — Along  the  sides  of  the  valle^^s,  large  and  small,  are  found 
many  unfailing  springs,  whose  waters  are  usually  free  from  mineral 
impurities  of  any  kind.  In  the  early  settlement  of  the  Piedmont 
region  of  South  Carolina  these  springs  were  universally  used  for 
household  water  supplies.     Wells  and  cisterns  were  unknown.     The 
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pioneer  built  his  house  near  some  bold  spring,  very  often  selecting  a 
site  on  the  hill  slope  or  down  in  the  small  valley  itself.  Springs  thus 
determined  the  location  of  the  homes  of  the  first  settlers  and  for  years 
continued  to  furnish  practically  the  only  water  supply.  They  are 
used  in  very  many  cases  to-day,  and,  in  spite  of  the  clearing  of  the  land 
and  the  comparatively  thick  settlement  of  the  country,  have  not  failed 
or  become  polluted  by  man's  presence,  but  they  are  still  safe  and  satis- 
factory sources  of  domestic  water  supply. 

There  are  a  number  of  well-known  mineral  springs  in  the  Piedmont 
region,  at  some  of  which  hotels  with  good  accommodations  have  long 
enjoyed  wide  popularity  as  summer  resorts.  The  waters  of  the^e 
springs  generally  contain  sulphates  and  carbonates  of  calcium,  mag- 
nesium, sodium,  and  potassium.  Some  contain  lithia  and  some  are 
chalybeate. 

The  following  springs,^  all  located  within  the  Piedmont  Plateau, 
reported  shipments  in  1902: 

Buffalo  Lick  Springs,  near  Carlisle,  Union  County. 
Chick  Springs,  near  Taylor  Station,  Greenville  County. 
Cokesbury  Mineral  Spring,  Cokesbury,  Greenwood  County. 
Garrett  Mineral  Spring,  Spartanburg,  Spartanburg  County. 
Glowing  Spring,  near  Calhoun  Falls,  Abbeville  County. 
Harris  Lithia  Spring,  Harris  Springs,  Laurens  County. 
Rives  Mineral  Spring,  Lancaster,  I^ncaster  County. 
West  Springs,  West  Springs,  Union  County. 
White  Stone  Lithia  Spring,  Spartanburg,  Spartanburg  County. 

The  aggregate  amount  of  water  sold  is  stated  as  259,706  gallons,  with 
a  value  of  $76,525. 

Ojpen  wells. — With  increasing  wealth  and  culture  there  came  a 
demand  for  better  building  sites,  and  houses  began  to  be  erected  back 
on  the  nearly  level  interstream  uplands  remote  from  springs,  and  the 
digging  of  open  wells  was  begun.  These  open  wells  furnish  the  greater 
part  of  the  water  supply  of  the  Piedmont  region  to-day.  In  some 
cases  pure  soft  water  is  obtained  before  solid  rock  has  been  reached; 
in  others  water  is  obtained  just  on  top  of  the  solid  rock,  while  in  still 
others  it  is  occasionally  necessary  to  go  into  the  solid  rock  some  dis- 
tance to  a  water-bearing  seam.  The  wells  of  the  Piedmont  region 
range  from  40  to  70  feet  in  depth,  and  they  usually  have  from  5  to  10 
feet  of  water,  and  rarely  fail  during  dry  seasons.  The  disintegrated 
material  through  which  they  are  dug  is  not  firm  enough  to  be  left 
unwalled,  so  that  a  curbing,  usually  of  loose  stone,  is  put  in.  In  many 
cases  not  enough  attention  is  paid  to  sanitary  precautions,  but  as  the 
water  entering  the  well  under  the  usual  circumstances  filters  down 
through  a  considerable  thickness  of  sand  and  clay,  it  is  largely  though 
not  entirely  protected  from  contamination.     Occasionally  one  finds  a 

a  Peale,  A.  C,  Mineral  Resources  U.  S.  for  1902,  U.  S.  Geol.  Survey,  1904,  p.  996. 
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Ijored  well  of  8  or  10  inches  in  diameter,  though  the  dug  well  is  far 
more  common.  These  Iwred  wells  differ  from  the  dug  ones  chiefly  by 
being  cheaper  to  sink,  but  they  are  more  difficult  to  clean  out. 

Deep  wells. — Aside  from  the  streams  of  the  region  the  only  possible 
source  for  considerable  water  supplies  is  the  subsurface  waters.  The 
presence  of  granites  and  crumpled  gneisses  and  schists  in  the  region 
precludes  the  hope  of  securing  deep  artesian  waters,  for  the  structure 
of  such  rocks  is  unfavorable  to  artesian  conditions. 

Some  Piedmont  towns,  however,  moved  by  the  idea  that  they  could 
get  artesian  waters  if  they  only  bored  deep  enough  have  drilled  wells 
several  hundred  feet  into  the  crystalline  rock,  and,  except  in  very  few 
cases,  have  been  rewarded  with  supplies  of  water  that  have  risen  to  a 
height  coinciding  with  the  level  of  the  ground-water  surface  in  the 
rocks  around  the  well,  but  such  supplies  are  not  artesian.  The  rocks 
of  the  region  are  traversed  by  seams  and  fissures,  which  everywhere 
below  the  ground- water  level  are  filled  with  water.  The  deeply  drilled 
hole  has  cut  across  enough  such  fissures  to  obtain  a  large  supply  of 
water  for  the  pumps,  yet  this  water  is  derived,  not  from  a  great  depth 
nor  from  a  long  distance,  but  from  the  great  body  of  ground  water  near 
the  surface  and  immediately  around  the  well.  If  the  fissures  in  the 
solid  rock  are  very  numerous,  the  area  supplying  the  water  is  an 
inverted  cone  whose  apex  is  the  lowest  point  of  entry  in  the  bore  hole 
and  whose  base  is  a  large  circular  area  of  the  ground-water  surface 
around  the  well  mouth,  and  only  one,  two,  or  three  score  feet  beneath 
the  surface  of  the  town,  with  its  innumerable  sources  of  pollution  of 
every  kind.  If  the  well  is  supplied  by  only  one  fissure  or  by  a  very 
few  fissures,  they  must  be  correspondingly  larger  and  furnish  more 
direct  and  easy  lines  of  flow  to  the  well.  They  may  extend  almost 
uninterrupted  nearly  up  to  the  surface  and  furnish  a  direct  channel 
for  surface  waters  to  enter  the  well. 

The  amount  of  water  that  can  be  pumped  from  such  wells  is  usually 
large  and  analyses  made  when  the  well  is  first  completed  have  shown 
a  good,  pure,  clear,  and  usually  soft  water,  well  adapted  to  almost  any 
purpose.  But  while  at  first  such  deep  wells  may  be  protected  from 
contamination  by  the  surface-soil  layer,  which  acts  as  a  filter,  and  the 
water  may  be  pure  and  wholesome,  yet  they  are  very  apt  sooner  or 
later  to  become  contaminated.  (k)nstant  pumping  from  them  soon 
causes  the  indrafts  supplying  the  water  to  open  better  channels 
through  the  fissures  and  allows  more  direct  ingress  of  waters  from  the 
surface.  These  channels  sooner  or  later  are  able  to  carry  surface 
contamination  directly  into  the  well.  Such  deep  wells  are  therefore 
at  best  open  to  grave  suspicion  and  constantly  need  careful  watching. 
This  need  is  all  the  more  necessary  becaiise  of  the  fancied  security 
given  by  the  very  favorable  analysis  of  the  water  when  first  used. 
Such  careful  watching  will  usually  result  in  the  condemnation  and 
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closing  of  the  well  in  a  few  years,  especially  if  the  town  be  of  consid- 
emble  size,  so  that  there  is  furnished  to  the  soil  a  large  amount  of 
contaminating  organic  material.  A  well  of  this  kind  drilled  over  2,000 
feet  deep  in  Atlanta,  Ga.,  some  years  ago,  which  at  first  furnished  a 
large  amount  of  acc^eptable  water,  was  ordered  closed  by  the  board  of 
health  after  a  few  years'  use  because  of  sewage  pollution. 

At  Chester  the  first  deep  well  sunk  into  the  crystalline  rocks  failed 
to  strike  a  single  fissure,  but  was  drilled  perfectly  dry  500  or  600  feet 
into  a  solid  mass  of  porphyritic  diorite.  It  was  abandoned  and  a  sec- 
ond attempt  was  made  in  another  part  of  the  town  that  was  successful 
in  striking  a  water-bearing  fissure  at  404  feet.  A  failure  may  at  any 
time  result  from  deep  drilling  in  the  crystallines,  though  as  a  general 
rule  fissures  are  abundant  enough  to  make  it  reasonably  certain  that 
water  will  be  obtained  in  such  wells  at  a  reasonable  depth. 

Another  source  of  water  supply  adequate  for  manufacturing  plants 
or  large  institutions  where  only  a  few  hundred  thousand  gallons  are 
used  daily,  but  usually  not  deemed  sufficient  for  city  supplies,  is  coming 
into  use  in  the  Piedmont  region.  It  consists  of  tube  wells,  which  are 
sunk  usually  in  groups  through  the  decomposed  surface  material  down 
to  solid  rock,  and  which  derive  their  supplies  from  water  circulating 
slowly  just  on  top  of  this  rock.  These  wells  are  usually  only  a  few 
inches  in  diameter  and  vary  in  depth  with  the  depth  of  the  surface 
disintegration,  ranging  from  30  to  80  feet  in  most  cases.  The}'^  are 
sunk  along  or  near  the  lowest  line  of  a  natural  valley  or  depressed 
area  toward  which  a  considerable  surface  area  slopes,  the  larger  the 
basin's  extent,  other  things  being  equal,  the  larger  the  probable  sup- 
ply. Much  of  the  rain  falling  in  the  basin  percolates  down  through 
the  soil  and  moves  slowly  along  on  the  bed-rock  surface,  the  slope  of 
which  usually  coincides  in  the  main  with  that  of  the  soil  surface  above 
it.  In  some  cases  the  clay  soil  near  the  surface  may  be  so  close  grained 
as  to  act  as  an  impervious  covering  for  the  water  in  the  partly  disin- 
tegrated and  loosened  rock  beneath,  so  that  wells  sunk  in  this  manner 
may  be  truly  artesian — that  is,  they  may  have  a  natiu*al  flow  caused  by 
the  pressure  of  the  water  confined  beneath  an  impervious  layer.  The 
distance  in  this  case  from  which  the  water  comes  is  of  coui'se  limited 
to  the  basin  in  which  the  well  is  sunk.  It  is  a  local  artesian  basin 
formed  under  exceptional  conditions. 

Such  supplies  of  water  have  been  found  uniformly  satisfactory. 
This  result  has  of  course  been  attained  by  selecting  basins  free  from 
sources  of  contamination.  The  continued  purity  of  such  water  will  of 
course  depend  on  the  vigilance  exercised  in  keeping  the  basin  free  from 
pollution.  As  such  basins  are  ordinarily  small  this  is  not  a  difficult 
task.  Several  such  wells  in  a  group  are  usually  connected  and  pumped 
together,  and  several  such  groups,  if  a  sufficient  supply  is  obtainable 
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within  a  nmall  area,  would  be  sufficient  to  furnish  with  water  a  town 
of  some  size,  or  to  aid  materially  in  supplying  a  large  city. 

In  York,  Chester,  Union,  and  Abbeville  counties  there  are  consid- 
erable areas  of  diabase  or  diorite  that  on  weathering  produce  a  close- 
gmined  clay  soil  that  is  abundantly  charged  with  lime  and  magnesia. 
The  springs  and  wells  of  these  areas  are  accordingly  of , hard  water. 
The  use  of  cisterns  is  more  necessary  here  than  anj- where  else  in  the 
Piedmont  region,  and  yet  the^^  are  the  exception  rather  than  the  rule. 

Streams, — Where  larger  supplies  of  water  for  manufacturing  plants 
or  town  corporations  are  desired,  resort  is  had  in  most  instances  to 
streams,  and  a  pumping  plant  is  installed  to  lift  the  water  to  a  reser- 
voir or  standpipe.  The  streams  of  the  Piedmont  region  are  never 
perfectly  clear  except  at  their  headwaters,  among  the  mountain  spurs 
that  project  from  the  Appalachians  out  upon  the  inner  edge  of  the 
Piedmont  area.  The  tine  red  clay  soil,  so  characteristic  of  the  deeply- 
weathered  Piedmont  surface,  is  washed  into  the  streams  in  great  quan- 
tities by  ever}^  rain,  and  the  waters  become  exceedingly  muddy.  So 
finely  divided  are  some  of  these  clay  particles-that  they  remain  sus- 
pended indefinitely,  and  even  with  prolonged  settling  it  is  difficult  or 
impossible  to  get  the  water  perfectly  clear.  The  excessive  muddiness 
disappears  ver}^  soon  after  the  passage  of  a  flood,  but  even  in  their 
lowest  stages  the  Piedmont  streams  do  not  become  perfect!}"  clear. 
When  they  are  used  for  city  water  supply,  ample  settling  basins  must 
be  provided  or  a  filtration  plant  must  be  installed.  The  clay  is  sus- 
pended in  the  water  in  particles  so  fine  that  it  can  be  removed  with 
difficulty  even  by  filtration. 

The  most  inviting  sites  for  the  location  of  towns  in  the  Piedmont 
region  have  been  the  comparatively  level  interstream  areas  that  form 
the  divides  between  the  main  streams,  and,  as  a  rule,  the  principal 
towns  of  the  region  are  both  remote  from  and  at  a  considerable  eleva- 
tion above  the  larger  streams,  thus  occupying  situations  that  greatly 
increase  the  cost  of  water  supplies  derived  from  such  sources. 

Furthermore,  with  the  rapid  growth  of  large  cotton  mills  along 
these  Piedmont  streams,  each  with  its  attendant  mill  village  in  which 
the  sanitation  and  the  sewerage  system  are  usually  not  what  they 
should  be,  the  problem  of  obtaining  unpolluted  water  supplies  from  the 
streams  of  this  region  will  constantly  become  more  difficult. 

With  the  growth  of  larger  cities  in  the  Piedmont  area,  however, 
other  sources  must  in  time  become  inadequate  and  the  large  streams 
must  furnish  the  water  supplies.  Means  nmst  then  be  taken  to  pro- 
vide sufficient  settling  area  or  adequate  filter  plants  as  well  as  to  guard 
the  watersheds  of  the  catchment  area  from  organic  pollution.  These 
water-supply  problems  are  not  different  from  those  other  communi- 
ties have  to  face  except,  perhaps,  as  to  the  almost  permanent  suspen- 
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sion  of  the  very  fine  clay  particles,  and  can  be  successfully  solved  here 
just  as  they  have  been  elsewhei^e. 

COASTAL   PLAIN. 

The  Coastal  Plain  attains  a  width  of  nearly  150  miles.  The  average 
elevation  of  its  inner  edge  where  it  overlaps  the  Piedmont  crystallines 
is  alK)ut  500  feet.  The  slope  of  the  surface  from  the  inner  edge  toward 
the  coast  is  at  first  rather  steep,  so  that  30  miles  from  it«  inner  edge 
the  average  elevation  has  decreased  to  less  than  200  feet.  From  this 
line  to  the  sea  the  surface  slope  is  very  gentle.  Much  of  the  outer 
part  of  the  Coastal  Plain  is  low  and  swampy  and  the  riv^ers  crossing 
the  region  are  usually  fringed  with  swamps  that  are  in  places  5  to  10 
miles  wide. 

The  inner,  more  elevated  portion  of  the  Coastal  Plain  is  deeply 
trenched  by  the  rivers  that  enter  it  from  the  Piedmont  region,  and 
much  of  its  surface  has  been  cut  into  hills  by  the  tributary  streams 
that  drain  it.  An  inner  belt  of  these  hills  is  known  as  the  saiid  hill 
belt;  an  outer  interrupted  belt  that  is  in  places  more  broken  and  hill}' 
than  the  preceding  one  is  known  as  the  red  hill  belt. 

GEOLOGY. 

Crystalline  floor. — Along  the  outer  edge  of  the  Piedmont  Plateau 
the  surface  of  the  crystalline  rocks  dips  southeastward  and  passes 
beneath  the  overlapping  sands  and  clays  of  the  Coastal  Plain.  From 
well  records  something  has  been  learned  of  the  depth  of  the  crystal- 
line floor  beneath  the  surface  of  some  parts  of  the  Coastal  Plain;  but 
much  more  information  is  dcwsirable  concerning  its  depth,  especially 
beneath  the  central  and  southwestern  parte.  At  Aiken  a  boring,  after 
passing  through  465  feet  of  sands  and  clays,  reached  granite  at  62  feet 
above  sea  level.  At  Florence  608  feet  of  Coastal  Plain  sedimente  over- 
lie the  rocks  of  the  Newark  formation,  which  were  reached  at  473  feet 
below  sea  level.  At  Marion  a  boring  that  passed  through  700  feet  of 
sands  and  clays  entered  crystalline  schiste  632  feet  below  sea  level.  At 
Wilmington,  N.  C,  a  well  started  only  a  few  feet  above  tide  entered 
granite  at  a  depth  of  1,109  feet.  At  Orangeburg  a  well  1,160  feet  deep 
had  not  reached  the  crystallines,  but  was  probably  not  far  above  them. 
A  well  at  Charleston  2,050  feet  deep  and  one  at  Beaufort  1,640  feet 
deep  failed  to  reach  the  underlying  crystallines. 

General  character  of  deposiU, — The  Coastal  Plain  formations  consist 
of  fine  gravels,  sands,  clays,  marls,  and  an  occasional  soft  limestone. 
The  dip  of  the  lower  members  is  southeastward  at  a  rate  somewhat 
greater  than  the  surface  slope.  The  higher  members,  however,  thicken 
seaward  until  the  youngest  members,  or  those  at  the  top,  dip  at  the 
same  rate  as  the  surface. 

PoUmiac  firrmatUm. — The  oldest  of  these  members  is  the  Potomac. 
It  lies  immediately  upon  the  crvstallines,  and  along  its  outcropping 
inner  edge  consists  of  at  least  4(X)  or  500  feet  of  variegated  sands  and 
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clays.  Much  of  the  sand  is  coarse  and  cross-bedded,  and  usually  con- 
tains a  considerable  amount  of  arkose.  The  clay  is  in  very  irregular 
lenticular  masses  embedded  in  the  sands  and  does  not  form  continuous 
and  persistent  strata.  These  sands  and  clays  outcrop  in  the  sand  hills 
and  in  part  of  the  red  hills  along  the  inner  edge  of  the  Coastal  Plain  in 
a  belt  5  to  10  or  more  miles  wide,  where  they  receive  the  supplies  of 
water  that  they  carry  seaward  with  them  beneath  the  later  members  of 
the  Coastal  Plain  series.  These  Potomac  sands  and  clays  are  water- 
bearers  under  very  much,  if  not  all,  of  the  Coastal  Plain;  but  very 
little  is  known  as  to  their  exact  depth  beneath  the  surface  in  much  of 
the  region.  A  1,160-foot  well  at  Orangeburg  had  probably  reached 
nearly  to  their  base.  At  Florence  they  extend  from  200  or  300  feet  to 
607  feet.  At  Charleston  the  2,050-foot  well  probably  stopped  in  their 
upper  portion.  It  is  probable  that  the  1,640-foot  well  at  the  naval  sta- 
tion at  Port  Royal  had  just  about  reached  their  top  layers,  and  it  is 
likely  that  a  supply  of  good  water  might  have  been  obtained  in  these 
Potomac  sands  within  the  next  few  hundred  feet  had  the  well  not  been 
abandoned  where  it  was.  The  water  found  in  the  deeper-lying  por- 
tions of  the  Potomac  under  the  outer  part  of  the  Coastal  Plain  may, 
however,  be  found  charged  more  or  less  with  mineral  matter,  although 
the  water  from  the  deep  wells  at  Charleston  is  reported  to  be  of 
excellent  quality  and  furnishes  the  city's  supply. 

Maiine  Ch'etaceous  heds. — The  marine  Cretaceous  is  the  next  younger 
formation.  It  consists  of  dark,  unctuous,  fine-grained  clays,  locally 
known  as  fuller's  earth,  and  often  described  by  the  drillers  as  soap- 
stone,  interbedded  with  fine,  light-colored  micaceous  sands.  The  clays 
contain  abundantly  disseminated  iron  pyrite  that  readily  decomposes 
and  give«  rise  by  further  reaction  to  alum,  so  that  open  wells  and 
springs  in  these  clays  are  sometimes  very  astringent.  These  Creta- 
ceous clays  outcrop  only  in  the  eastern  part  of  the  State.  They  do 
not  form  the  general  surface  even  here,  but  are  overlain  by  a  thin 
mantle  of  younger  deposits,  and  are  revealed  only  in  stream  cuttings 
along  the  Pedee  and  its  tributaries.  The  best  exposures  are  in  Dar- 
lington and  Florence  counties.  West  of  Lynches  River  the  marine 
Cretaceous  is  not  known  to  outcrop  at  the  surface.  There  the  Ek)cene 
rests  directly  on  the  Potomac. 

From  its  surface  exposures  in  the  eastern  part  of  the  State  the  marine 
Cretaceous  dips  southeastward  beneath  later  deposits,  and  is  reached 
or  passed  through  in  the  deeper  wells  of  that  region.  It  extends  from 
about  600  to  about  1,900  feet  in  the  Charleston  wells.  It  was  passed 
through  in  the  Orangeburg  well,  its  top  being  about  252  feet  from  the 
surface,  and  its  bottom  being  indeterminate  from  the  record  obtained. 
The  Port  Royal  well  from  700  or  800  to  about  1,600  feet  is  in  the  marine 
Cretaceous.  Well  records  show  that  it  consists  of  sands,  marls,  and 
dark  clays,  the  latter  sometimes  described  as  very  tough  and  sticky  to 
drill.    The  layers  of  sand  occupy  no  definite  horizon.     They  are  usually 
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water-bearing,  but  the  water  is  often  charged  with  sulphur  or  iron  or 
is  bi-ackish  or  salt.  No  persistent  horizon  of  potable  water  is  known 
in  this  series.  Some  of  the  sand}^  strata  ma}^  however,  locally  con- 
tain good  water,  and  careful  tests  for  quantity  and  quality  of  water 
should  be  made  at  any  promising  horiy.on. 

Eocene  dejnmlts. — The  Ek)cene  overlies  the  Cretaceous.  In  the  east- 
ern part  of  the  State,  where  the  Cretaceous  is  exposed  in  stream  cut- 
tings, a  few  thin,  isolated  patches  of  Eocene  are  found  resting  in 
depressions  in  the  Cretaceous  surface.  West  of  Lynches  River  the 
Eocene  rests  directly  on  the  Potomac,  and  in  Orangeburg,  Lexington, 
and  Aiken  counties  numerous  exposures  of  it  occur.  At  the  base  it 
consists  of  tine,  light-colored  siliceous  clay,  breaking  with  conchoidal 
fmcture,  and  overlain  b}^  a  silicified  mass  of  shells  and  casts — the 
Buhrstone.  Above  it  are  soft  gray  to  white  pulverulent,  calcareous 
marls,  whose  lower  part  is  known  as  the  Santee  marls,  and  whose 
upper  part  is  the  Ashley  and  Cooper  marls.  They  may  be  groupe<l 
together  here.  These  Ex)cene  strata  are  probably  500  feet  thick  at 
Charleston  and  occupy  a  basin  called  the  Charleston  basin,  delimited 
to  the  northeast  b}^  the  marine  Cretaceous  strata,  which  come  to  the 
surface  in  the  Pedee  region,  but  are  of  unknown  extent  to  the  south- 
west in  Georgia,  though  the}'  rise  considerably  in  Barnwell  Count}'. 

The  Buhrstone  division  of  the  Eocene  is  more  or  less  cavernous  and 
is  generally  water  bearing.  The  waters,  as  might  be  expected,  are 
more  or  less  hard.  They  are  reached  at  Charleston  at  a}x)ut  400  to 
500  feet  from  the  surface.  At  Orangeburg  the  base  of  these  rocks  is 
probably  about  252  feet  from  the  surface.  In  Bamberg,  Barnwell, 
Colleton,  and  Hampton  counties  they  seem  to  be  widespread  water 
bearers  and  are  reached  at  depths  of  about  100  feet  in  upper  Barnwell, 
but  dip  toward  the  coast  so  that  there  they  are  found  at  500  to  700  feet 
from  the  surface.  The  basal  Eocene  is  therefore  very  generally  water 
bearing  and  lies  at  moderate  depths  beneath  that  large  portion  of  the 
Coastal  Plain  in  which  the  Eocene  occurs.  No  definite  water-bearing 
horizons  are  known  in  the  overlying  Eocene  marls.  Open  wells  and 
springs  in  these  upper  beds  furnish  hard  water. 

Miocene  marl, — A  thin  stratum  of  late  Miocene  shell  marl  rests  in 
many  places  on  the  eroded  surface  of  either  the  Eocene  or,  in  the 
Pedee  region,  the  marine  Cretaceous.  It  is  not  usuall}"  widely  con- 
tinuous and  is  not  important  as  a  water-bearing  horizon.  Open  wells 
sunk  to  it  yield  hard  water.  It  rarely  outcrops,  and  so  produces  but 
few  springs. 

lAifayette  and  Columbia  sands, — Along  the  inner  and  more  elevated 
red  hill  and  sand  hill  portion  of  the  Coastal  Plain  there  may '  be  dis- 
criminated in  most  cases  two  thin  formations  of  sand  that  blanketwise 
overlie  all  of  the  older  formations.  The  older  one  is  usually  a  hard- 
ened, cross-bedded  sand,  often  carrying  considerable  clay  and  near 
the  rivers,  as  they  enter  the  Coasfeil  Plain,  contains  rounded  pebbles 
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and  cobbles.  It  is  regarded  as  of  Lafayette  age.  Where  it  overlaps 
on  the  Potomac  sands  and  clays  it  is  in  many  places  very  difficult  to 
determine  the  contact  line  so  very  similar  are  their  materials,  the 
Lafayette  l>eing  derived  in  such  cases  from  the  underlying  Potomac 
by  a  slight  reworking.  These  Lafayette  sands  and  clays  are  usuall}" 
red  in  color.  In  Columbia  they  are  homogenous,  structureless,  and 
bright  red.  In  many  places  the}'  are  mottled  red  and  light  gray. 
They  form  much  of  the  surface  in  the  ''red  hill"  belt.  In  the  middle 
and  outer  half  of  the  Coastal  Plain  the  Lafayette  has  not  been  discrim- 
inated. If  ever  present  in  the  outermost  part,  just  near  the  present 
coast  line,  it  has  very  probably  been  removed  by  erosion,  for  the  post- 
Pliocene  rests  on  rounded  phosphate  nodules  that  cover  the  surface  of 
the  Eocene  or  Miocene  marls  from  which  they  were  torn  l)y  the  waves. 

The  younger  of  the  two  blanketing  formations  is  a  light-colored, 
soft,  clean-washed,  barren  sand  that  forms  the  surface  of  most  of  the 
Coastal  Plain,  including  the  sand  hills.  In  the  middle  and  outer  part 
of  the  Coastal  Plain  it  is  usually  mixed  with  enough  clay  to  form  a 
loam..  In  thickness  it  mnges  from  a  few  feet  up  to  perhaps  50  feet 
in  some  places  near  the  coast.  It  is  regarded  as  of  Columbia  age,  but 
such  distinctions  as  high-level  and  low-level  or  fluvial  and  interfluvial 
seem  inapplicable  to  it.  Its  relation  to  the  post-Pliocene  deposits  indi- 
cates that  the  portion  near  the  coast,  at  least,  is  of  late  Columbia  age. 

The  post-Pliocene,  which  comes  between  the  Lafayette  and  the 
Columbia,  is  found  in  places  along  or  in  a  few  miles  of  the  coast.  It 
is  a  thin  stnitum  of  sand  and  shells  and  is  of  no  special  importance  as  a 
water  bearer. 

WELLS. 

The  following  tables  present  a  comprehensive  summary  of  the  results 
of  numerous  wells  l)ored  in  the  Coastal  Plain  of  South  Carolina.  Since 
the  list  was  made  a  considerable  number  of  new  wells  have  f)een  drilled, 
but  the  present  table  is  nevertheless  fairly  representative: 

Partial  list  of  deep  V)elh  in  South  Carolina  J* 


Lt>oality. 

Depth. 

Feel. 
520 

558 

66-100 
470 
495 
520 
555 

Diame- 
ler. 

Abbeville 

Inches. 

Aiken  

iMJ 

Bamberg; 

30  wells 

5  wellM 

2 
2 
2 
1« 

Capacity 
per  minute. 

GalloTM. 
Many. 
50 


Height 
o(  waler.b 


/Vrt. 


-    3 
-170 


+  15 
+  20 
+  12 
+  30 


Remarks. 


In  ancient  crystallines. 

In  granite;  water  also  at  543 
feet. 

In  buhrstone. 


In  Potomac  sands. 


a  Darton,  N.  H.,  Artesian-well  prospects  In  the  Atlantic  Coa.stal  Plain  region:  Bull.  U.  S.  Geol.  Surrey, 
No.  i:»,  pp.  210-211;  also  records  collected  by  the  writer. 
tt  ^,  leet  above  surface;      ,  feet  below  surface. 
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Partial  list  of  deq)  welh  in  South  r«ro/i»m— Continued. 


Locality. 


Barnwell 

Beaufort: 

Cooaaw  Company  . 

Water  works 


Depth. 


Feet. 


800 
120 


120 


Blacksville 

Blaffton.    (See  Mays  River.)  ' 
Camden,  2  wells jfilS,  626 

Charleston,  6  wells {    }^^ 

Charleston,  9  wells 323-175 

Chester 500 


Do. 


Clyde.... 
Connors  . 


152 
680} 
Conway,  several 210-240 


Darlington 

Cotton  factory. 

Denmark 

Estni 

Eutawville 

Do 


327 
280 
450 
850 
350 
100 
Florence,  city  works 1 ,  215 


Do 

Florence,  Ice  works 

Florence,  Machine  shop 

Fort  Fremont 

FortMotte 

Qrahamville,  2  wells 

Do 

Do 

Do 

Georgetown 

Georgetown,  10  wells 

Green  Pond 

Greenwood 

Halls  Island,  Donner  Bros  ... 


Hampton 
Do.... 
Do.... 
Do.... 


182 
200 
420 
429 
141 
121 
220 
220 
350 
570 
65-74 
503 
400 
120 

583 

186 

46 

800^ 


Hartavllle,  8  wells 22^-240 

Jacksonboro ^ 420 

Johns  Island ,       500 

Kingstree,  3  wells '       320 

Lake  City,  10  wells 160-320 

Manning 375 

Marion |    1,244 


Monrk.M  Comer . 


179 


Diamc-     ('apacity 
ter.      perminute. 

Inches.  '     GalUnu. 


Many. 


21-6 


Heiglit 
uf  water. 


J^et. 


Does  not 
flow. 


Many. 


6-2 


-20 


+  4 
-1-26  I 


Remarks. 


Water  fine. 
82  feet 


Granite  below 


Saline  water. 


.i  Perfectly  dry  hole, 
rite. 


In  dio- 


2 
10— H 


Few. 

Many. 

100 


Small. 


Many. 
Many. 


3 
6 
2 
3  and  2 
2 
8-9 


170 

Few  now. 

Few  now. 

Few  now. 

50-60 

Many. 

1 

4 

150 

Many. 
1  in.  stream 


Does   not  ,  In  diorite.    Depth  also  given 
flow.  as  872  feet. 

In  Potomac  sands. 

I  Drilling. 

Some  sulphur. 

In  Potomac  formation. 
1  Water  from  212  feet. 

Water  from  150  feet 

I 
i 


Flows. 

To  surface. 

Flows. 

Pumped. 

Plows. 

Flows. 

Pumped. 

-  20 


608  to  1.335  feet  in  Newark 
sandstone:  waters  also  at 
600  and  800  feet. 

Fine  water. 
Do. 


Abandoned  in  quicksand. 

Flows.     Another  well  is  164  feet  deep. 

I  Water  at  170  feet 

Hard  water,  water  at  170 feet. 
Hard  water;  water  at  260  feet. 


4 

11 

Many. 

7-15  I 

2 

1 

35 


Flow. 

Flow. 

+10 

-  4 
Flows. 

-  4 

-1-20  above 
high  wa- 
ter. 

-  9 

-  3 

+  4 

Does   not 
flow. 

-  8 
Flows. 
Flows. 
Flows. 

+15 


Flows. 


-14 


8  feet  of  water. 

Temp.  70°  F. 
I  In  ancient  crystallines. 
I  Sulphurous  water. 

Soft,  irony  water. 
Irony  water. 

In  Potomac  sands. 
Temp.  729  F. 
Temp,  70°  F. 
Fine  water. 

soft. 

Small  flow  at  700  feet  on  top 
of  crystallines. 

16-148  feet  In  line  with  flint 
rock  below. 
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Locality. 

Depth. 

Diame- 
ter. 

Capacity 
per  minute. 

Height 
of  water. 

Feet. 

Remarks. 

Feet. 

Inches. 

Gallons. 

Moncks  Comer,  8  miles  dis- 
tant 

175 

2 

15 

Flows. 

Mays  River,  Bluffton 

165 

Many. 

Mays  River,  Capt.  T.  R.  Hay- 
ward's  place. 

800 

Fair. 

-  1 

Very  sulphurous  wateiK 

Mays  River,  Col.  J.  H.  Estill's 
place. 

190 

Many. 

Sulphurous  water. 

Mays  River.  Col.  J.  H.  Estill's 
plantation,  4  wells. 

360 

Many. 

Flows. 

Fine  water. 

Mays  River,  Snyder  &  Mit- 
tle's  sawmill. 

106 

Many. 

Flows. 

Do. 

Newberry 

285 

Nearly  to 

In  granite. 

Oakley  Depot 

299 

2 

Many. 

surface. 
Does   not 

Fine  water. 

Orangeburg  4  wells 

1,160 

Many. 

flow. 

-48 

Much  water  at  250  feet. 

Ouslev ... 

380 

Not  any. 

In  Potomac  sands. 

Palmetto 

346 

2 

6 

Nearly  to 
surface. 

Peeples 

853 

6 

100 

Flows. 

Temp.,  76°  F. 

Port  Royal  Naval  Station 

255 

6 

Very  few. 

Docs  not 
flow. 

Water  very  impure. 

Port  Royal  Naval  Station,  3 
wells. 

60 

5  and  2 

Many. 

-12-16 

Water  hard  and  saline. 

Port  Royal  Naval  Station,  2 
wells. 

95-98 

6 

125 

Pumped. 

Good  water. 

Do 

1,640 

15-4 

Abandoned     in    Cretaceous 

clays. 

Rowesville 

185 
75-135 

3 
3 

-6 
Do    not 

Hard  water. 

St.  Matthews,  6  wells 

Excellent  water. 

Scranton 

170 
120 

2 
6 

flow. 
Flows. 
-1-12 

Seabrook 

150 

A  little  HgS. 

Shelden 

152 

3 

Many. 

Does   not 

On  high  land. 

Sullivans  Island,  Fort  Moul- 
trie. 

1,808 

12-3 

10 

flow. 
Flows. 

Temp.,  89°  F.  Contains  iron 
and  soda. 

Sumter 

128 
100? 

2 

2 

Flows.     Soft  water. 

Swansea 

Union 

300+ 

.   .. 

Drilling.    In  granite. 

Vamsville 

988? 
490 
580 

6 

6 

3-2 

Many. 
Many. 

-17 
-30 
-90 

Walterboro 

Soft  water. 

Wedgefield 

Not  used. 

Williston,  L.  Green 

130 
90 

3 

4i 

Many. 

Yemassee.  G.  G.  Martin 

Flows    to 
-1-13. 

Sulphurous  water. 

Yemassee,  J.  B.  Gregorie,  8 
wells. 

85-150 

6 

Many. 

+  8 

Sulphurous  water;  flow  de- 
creasing. 

SUMMARY   OF  COASTAL   PLAIN    SUPPLIES. 

Shallow  wells, — The  shallow  wells  of  the  Coastal  Plain  are  sunk  in 
the  surjGcial  Lafayette  and  Columbia  formations.  These  wells  are 
usually  not  over  20  or  30  feet  deep.  Many,  indeed,  are  from  8  to  12 
feet  deep,  and  in  wet  weather  many  of  them  are  entirely  full  of  water. 
Such  surface  water  is  as  a  rule  impure  and  unwholesome,  especially  if 
the  wells  be  open.     Driven  wells  are  now  largely  taking  the  place  of 
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Open  wells.  A  2-inch  pipe  tipped  by  a  sharp-pointed  strainer  section 
is  driven  from  15  to  30  feet,  and  a  small  suction  pump  is  attached  to 
the  upper  end.  Such  wells  are  quickly,  easily,  and  cheaply  driven,  and 
do  not  permit  surface  waters  to  trickle  down  directly  from  the  surface, 
as  do  the  open  wells.  Their  waters  are  more  wholesome  than  those  of 
open  wells,  but  their  general  use  will  not  solve  the  pure-water  problem 
for  the  Coastal  Plain. 

Deep  wells. — Many  farmers  are  sinking  ai-tesian  wells  of  small  diame- 
ter and  moderate  depths  to  the  upper  part  of  the  Potomac  beds  in  the 
inner  half  of  the  Coastal  Plain,  while  on  the  outer  half  wells  are  bored 
deeper  with  somewhat  less  certainty  of  getting  good  water  from  the 
lower  Eocene.  Unfortunately,  very  few  records  that  give  much  infor- 
mation as  to  the  age  or  kind  of  beds  parsed  through  have  been  kept 
by  the  drillers  or  owners,  so  that  our  knowledge  of  the  underground 
waters  of  the  region  leaves  much  still  to  be  desired.  Experience,  how- 
ever, has  proved  that  in  many  parts  of  the  Coastal  Plain  the  chances 
for  obtaining  supplies  of  deep  water  that  will  rise  nearly  to  or  just 
above  the  surface  are  excellent.  In  other  parts,  especially  very  near 
the  coast,  the  problem  is  more  uncertain  because  of  the  great  depth  of 
the  water-bearing  strata  and  the  greater  risk  of  finding  the  water  too 
highly  impregnated  with  various  mineral  matters  to  be  usable.  Numer- 
ous good  wells,  however,  have  been  drilled  near  the  coast,  and  drillers 
in  this  region  should  carefully  test  every  water-bearing  sand  of  any 
promise  as  they  go  down. 

The  use  of  artesian  water  has  greatly  improved  the  health  conditions 
on  the  Coastal  Plain.  Not  only  has  typhoid  fever  been  banished,  but 
of  greater  importance,  because  of  its  former  more  general  prevalence, 
malaria  has  been  practically  banished  also,  despite  the  presence  of 
mosquitoes. 

Streams, — The  streams  of  the  flatter  portions  of  the  Coastal  Plain 
are  dark  wine-colored  from  the  presence  of  organic  matter.  Those  in 
the  sand  hills  are  usually  pure  and  clear  and  may  be  used  for  bleach- 
ing or  for  any  other  similarly  exacting  purpose  for  which  a  very  pure, 
clear  water  supply  is  necessary.  The  sand  hills  yield  their  under- 
ground waters  very  gradually  and  regularly  to  the  streams,  so  that 
stream  discharge  in  this  region  is  very  uniform. 

PRINCIPAL.  PUBIilCATIONS. 

Mineral  springs  of  the  United  States,  by  A.  C.  Peale:  Bull.  U.  8.  Geol.  Siirvev 
No.  32,  pp.  79-80. 

Artesian-well  prospects  of  the  Atlantic  Coastal  Plain  region,  by  N.  H.  Darton:  Bull. 
U.  S.  Geol.  Survey  No.  138,  pp.  207-222. 

Preliminary  list  of  deep  borings  in  the  United  States,  pt  2,  by  N.  H.  Darton: 
Water-Supply  and  Irrig.  Paper  U.  S.  Geol.  Survey  No.  61,  p.  43. 

Year  Book,  City  of  Charleston,  1881,  pp.  257-315. 
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GEORGIA. 


By  S.  W.  McCallie. 


Georgia  may  be  divided  into  three  great  provinces — the  Coastal 
Plain,  the  Piedmont  Plateau,  and  the  Appalachian  or  Paleozoic  area — 
each  of  which  represents  a  great  time  division  of  geologic  history. 

COASTAJC  PliAIN. 

The  Coastal  Plain  includes  that  part  of  the  State  lying  south  of  an 
irregular  line  connecting  Augusta,  Macon,  and  Columbus,  and  com- 
prises more  than  one-half  of  the  entire  State.  In  this  region  the  rocks 
are  Cretaceous  and  Tertiary  clays,  sands,  and  soft  limestones,  having 
a  general  dip  southward  of  only  a  few  feet  to  the  mile.  The  sands 
and  limestones  usually  furnish  copious  supplies  of  water,  which  in 
some  instances  has  sufficient  head  to  be  used  for  irrigation  pui'poses 
and  to  operate  machinery.  The  waters  from  the  Cretaceous  beds  are 
usually  soft,  but  those  from  the  Tertiary  are  frequently  hard  and 
unsatisfactory  for  many  purposes. 

In  addition  to  the  underlying  Cretaceous  and  Tertiar}"  formations  two 
surficial  formations — the  Lafayette  and  the  Columbia — are  of  especial 
importance  in  connection  with  the  water  supply  of  shallow  wells. 
These  formations  consist  of  clays  and  sands,  and  cover  more  or  less 
completely  the  entire  Coastal  Plain.  The  Lafayette,  the  older  of  the 
two,  lies  unconf  ormably  on  the  Cretaceous  or  Tertiary  rocks.  It  con- 
sists of  orange  and  vari-colored  sands  and  clays  with  local  beds  of 
gravel.  Overlying  the  Lafayette  is  the  Columbia  formation,  which  is 
made  up  almost  entirely  of  rather  fine-gmined  sand,  and  in  places 
attains  a  thickness  of  many  feet,  but  more  often  is  much  thinner,  or 
is  entirely  wanting.  These  two  surficial  deposits  are  the  main  sources 
of  the  water  supplying  the  shallow  wells  throughout  the  Coastal 
Plain,  and  they  also  govern  the  amount  of  rainfall  taken  up  by  the 
underlying  Cretaceous  and  Tertiary  sands  and  limestones.  W  here  the 
Lafayette  formation  consists  largely  of  clay  it  forms  an  impervious 
water-bearing  stratum  which  to  some  extent  prevents  rainwater  from 
penetrating  the  underlying  Cretaceous  or  Tertiary  deposits.     On  the 
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other  hand,  the  Columbia  sands  absorb  a  lar^e  percentage  of  the  rain- 
fall, which  is  retained  until  taken  up  by  the  underlying  deposits. 
These  surficial  formations  either  increase  or  decrease  the  water  supply 
in  deep  wells  according  as  they  take  up  little  or  much  of  the  rainfall. 

PIEDMONT  AREA. 

The  Piedmont  Plateau,  or  crystalline  area,  embraces  all  of  that  part 
of  the  State  lying  north  of  the  Coastal  Plain  with  the  exception  of  the 
greater  part  of  ten  counties  in  the  northwestern  portion. 

This  region  is  an  old  eroded  land  surface,  formed  of  highly  meta- 
morphosed igneous  and  sedimentary  rocks,  which  are  frequently  weath- 
ered to  considerable  depths.  The  prevailing  rocks  are  slates,  schists, 
gneisses,  and  granites,  none  of  which  can  be  considered  water-bearers 
of  any  great  promise.  The  crystalline  area  is  noted  for  the  numer- 
ous small  springs  that  are  rather  evenly  distributed  throughout  it. 
There  are  a  few  large  springs,  but  they  are  rare  and  are  usually  due 
probably  to  the  presence  of  faults  rather  than  to  any  special  water- 
bearing strata.  The  deep  weathering  of  the  rocks  is  favorable  to  a 
copious  supply  of  water  for  shallow  wells.  Nearly  all  of  the  small 
towns  are  supplied  by  such  wells,  which,  except  during  an  extremely 
dry  season,  furnish  an  abundant  supply  of  what  is  generally  supposed 
to  be  very  wholesome  water.  Deep  wells  have  been  drilled  by  some 
of  the  towns,  but  in  the  majority  of  cases  the  amount  of  water  secured 
has  been  inadequate  to  supply  the  demand.  Furthermoi^,  the  geologic 
structure  of  the  crystalline  area  is  such  that  water  obtained  from  deep 
borings  is  likely  to  become  contaminated  sooner  or  later  from  surface 
drainage,  especially  where  there  is  little  or  no  sandy  soils  to  act  as  a 
filter,  and  where  the  upturned  edges  of  the  rocks  dip  at  a  high  angle. 

APPAIiACHIAN  OR  PAIiEOZOIC  AREA. 

The  Paleozoic  area  comprises  the  greater  part  of  ten  counties  in  the 
extreme  northwestern  part  of  the  State.  The  rocks  of  this  region  are 
limestones,  shales,  and  sandstones,  thrown  into  a  number  of  long 
parallel  anticlinal  and  synclinal  folds.  The  anticlinal  folds  in  many 
cases  have  been  decapitated  and  are  now  replaced  by  valleys  of 
erosion,  while  the  synclines  form  the  intervening  ridges  or  mountains. 
These  structural  conditions  are  usually  unfavorable  for  flowing  wells, 
but  at  the  same  time  they  materially  allow  the  rainfall  to  be  rapidly 
absorbed  by  the  upturned  edges  of  the  strata.  They  also  explain  the 
distribution  of  the  numerous  springs. 

The  water-bearing  strata  of  the  Paleozoic  area  are  the  limestones 
and  the  sandstones.  The  limestones,  from  which  most  of  the  under- 
ground water  is  obtained,  are  usually  heavy  bedded  and  compact. 
The  water  contained  in  them  frequently  occurs  in  deep  fissures  or 
channels  as  running  streams  of  considerable  size. 
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When  these  strata  outcrop  such  streams  give  rise  to  huge  springs, 
which  furnish  large  volumes  of  water,  and  which  often  occur  through- 
out the  Paleozoic  area.  The  largest  of  these  springs  are  generally 
found  along  fault  lines  or  near  the  contact  of  limestones  with  imper- 
vious shales.  The  water  from  these  large  springs  often  becomes 
muddy  after  a  heavy  rainfall,  showing  that  the  underground  stream 
which  supplies  them  with  water  has  direct  connection  with  limesinks 
or  other  open  cavities  on  the  surface.  Such  springs  are  also  more  or 
less  aflfected  by  droughts,  and  have  been  known  to  entirely  cease  flow- 
ing during  an  extremely  dry  season. 

The  sandstones  of  the  Paleozoic  area  which  are  here* spoken  of  as- 
water-bearing  strata  are  confined  chiefly  to  Sand  and  Lookout  moun- 
tains. At  several  points  on  these  mountains  the  bore  holes  put  down 
in  prospecting  for  coal  have  furnished  rather  copious  supplies  of 
water.  The  numerous  coal  mines  located  on  these  mountains  also 
demonstrate  that  the  sandstones  are  water  carriers  of  considerable  im- 
portance. In  northwest  Georgia  are  also  very  favorable  conditions 
for  shallow  wells.  The  residual  clays  are  generally  of  such  thickness 
as  to  retain  a  high  percentage  of  the  rainfall  within  a  short  distance  of 
the  surface  and  supply  shallow  wells  with  ample  water  for  all  domestic 
purposes. 

UNDERGROUND  WATER  CONDITIONS. 

The  geologic  conditions  bring  out  prominently  marked  differences 
in  the  underground  water  conditions  of  the  different  parts  of  the  State. 
In  south  Georgia,  or  the  Coastal  Plain,  the  numerous  beds  of  sand  and 
porous  limestones  with  their  gradual  dip  southward  present  favorable 
conditions  for  deep  wells.  In  the  crystalline  and  Paleozoic  areas, 
where  the  formations  are  much  folded  and  faulted,  underground 
water  reaches  the  surface  by  numerous  springs.  In  the  one  case  the 
deep-seated  underground  waters  reach  the  surface  through  artificial 
openings  made  by  the  drill,  and  in  the  other  they  come  up  through 
open  fissures  or  along  bedding  planes  of  the  rock.  In  the  first  case 
the  underground  waters  are  far  more  liable  to  become  contaminated 
by  surface  impurities  than  in  the  other.  This  is  due  to  the  high  or 
steep  dip  of  the  water-bearing  strata.  In  south  Georgia  the  under- 
ground waters  in  most  cases  probably  flow  through  several  miles  of 
porous  limestones  or  sands  before  reaching  the  deep  wells,  but  in  the 
northern  part  of  the  State  wells  equally  as  deep  may  be  supplied  with 
water  falling  as  rain  only  a  few  hundred  yards  distant. 

The  conditions  governing  the  water  supply  of  shallow  wells  are 
practically  the  same  in  all  parts  of  the  State,  especiallj'  where  the 
wells  obtain  water  from  surficial  deposits  and  residual  clays. 

The  water  from  the  shallow  wells  supplying  small  towns  in  north 
Georgia  was  usually  found  to  be  in  fair  sanitary  condition,  but  in  a 
1KB  114—06 11 
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few  instances  analyses  made  in  the  laboratory  of  the  State  geolog- 
ical survey  gave  unmistakable  evidence  of  sewage  contamination. 
Certain  local  geologic  conditions,  which  are  peculiar  to  the  northern 
portion  of  the  State,  seem  to  be  the  cause  of  this  contamination.  They 
will  be  described  somewhat  in  detail. 

All  of  the  rivers  and  large  streams  throughout  the  crystalline  and 
the  Paleozoic  areas  traverse  vallevs  of  erosion  which  varv  in  width 


Fio  21.— Areas  of  flowing  wells  In  Georgia.    Flowing  wells  may  be  obtained  in  shaded  area.«i. 

from  a  few  hundred  yards  or  less  to  a  mile  or  more.  These  valleys, 
parts  of  which  now  lie  several  feet  above  the  present  flood  plain  of  the 
river,  are  often  covered  to  the  depth  of  many  feet  with  alluvial 
deposits  left  by  the  stream  when  it  flowed  at  a  higher  level.  The 
deposits  usually  occur  in  two  layers.  The  lower  layer,  which  lies 
directly  upon  the  eroded  edges  of   the   underlying   rocks,  consists 
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chiefly  of  coarse  waterworn  gi-avel  and  rounded  stones,  the  latter  often 
attaining  a  weight  of  many  pounds.  The  thickness  of  this  layer  is 
variable  and  depends  somewhat  upon  the  irregular  eroded  surface 
of  the  underlying  rock,  but  generally  it  is  from  10  feet  to  a  few 
inches.  The  upper  layer,  which  is  usually  much  thicker  than  the 
lower,  is  made  up  largely  of  silt  or  sandy  clays.  The  two  layers  are 
conformable  and  have  the  same  dip  as  the  eroded  surface  of  the  under- 
l3'ing  rock.  This  gives  to  the  entire  sui*ficial  deposit  a  gradual  slope 
toward  the  center  of  the  valley  or  the  present  channel  of  the  stream. 
In  many  places  the  upper  of  the  two  surficial  beds  has  been  removed 
by  erosion  along  the  edges  of  the  valley  so  that  the  underl3'ing  gravel 
is  exposed.  These  exposed  edges  of  the  gravel  beds  present  most 
favorable  conditions  for  taking  up  the  surface  waters  a5  they  escape 
from  the  adjacent  hillsides  to  the  valley  below  after  hard  showers. 
These  beds  form  a  very  imperfect  filter  and,  as  a  consequence,  the  well 
water  obtained  from  them  is  liable  to  become  contaminated  by  surface 
impurities. 

In  north  Georgia  some  of  the  towns  along  the  rivers  depend  for 
water  supply  almost  entirely  upon  surface  wells  penetrating  these 
gravel  beds.  In  laying  out  such  towns  it  has  been  the  custom  to  locate 
the  business  houses  and  the  residences  near  the  center  of  the  valley, 
and  the  barns  and  stables  along  the  margin  near  the  outcrop  of  the 
gravel  beds.  In  one  town  a  row  of  factory  houses  was  built  along  the 
outcrop  of  these  gravel  beds  and  there  was  an  epidemic  of  typhoid 
fever  throughout  the  town.  Another  town  where  the  well  waters 
were  contaminated  had  suffered  from  a  most  violent  epidemic  of 
typhoid  fever  a  few  years  previous.  With  a  comparatively  small  out- 
lay all  of  these  towns  can  be  supplied  with  excellent  water  from  the 
mountain  streams. 

MINBRAI.  SPRINGS. 

Ten  springs  in  Georgia  reported  sales  of  water  in  19()2.  The  total 
amount  sold  was  419,100  gallons,  valued  at  $60,797.  The  springs 
are  as  follows: 

Artecnan  Lithia  Well,  Austell,  Cobb  County. 

Bowden  Lithia  Springs,  Lithia  Springs,  Douglas  County. 

Catooea  Springs,  Catoosa  C/Ounty. 

Daniel  Mineral  Spring,  near  Union  Point,  Greene  County. 

Hughes  Mineral  Springs,  near  Rome,  Floyd  County. 

Medlot'k  lithia  Springs,  Austell,  Cobb  County. 

Ponce  de  Leon  Spring,  near  Atlanta,  Fulton  County. 

Salt  Spring  Lithia  Well,  Austell,  Cobb  County. 

Siloam  Healing  Springs,  near  South  Atlanta,  Fulton  County. 

Solpho-Magnesia  Lithia  Spring,  near  Austell,  Cobb  County. 
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Digitized  by  VjOOQIC 


FLORIDA. 


By  M.  L.  Fuller. 


Florida,  unlike  any  other  State  except  Louisiana,  lies  wholly  within 
the  Coastal  Plain,  although  Delaware  and  Mississippi  include  only  very 
small  areas  of  older  rocks.  While  in  both  geology  and  topography  it 
resembles  certain  portions  of  the  Coastal  Plain  region  in  other  States, 
it  is,  as  a  whole,  unique  in  its  characteristics. 

TOPOGRAPHY. 

The  relief  of  Florida  is  the  lowest  of  any  of  the  Eastern  States, 
only  about  a  quarter  of  its  area  standing  above  the  100-foot  level, 
while  only  a  few  isolated  points  exceed  200  feet  in  height.  Starting 
in  the  western  portion  of  the  State  the  highland  belt  skirts  the  north- 
ern boundary  to  Tallahassee,  beyond  which  it  extends  southward  along 
the  center  of  the  peninsula  to  a  point  east  of  Tampa.  Its  eastern 
border  stretches  northward  a  few  miles  west  of  St.  Johns  River  to 
the  northern  boundary  of  the  State  northwest  of  Jacksonville.  In 
this  region  soft  limestones  occur  extensively,  and  there  are,  especially 
in  the  peninsula,  many  sinks  and  depressions,  which  are  frequently 
occupied  by  ponds,  lakes,  or  marshes.  It  is  the  gathering  ground  of 
the  flowing  watei-s  encountered  in  the  wells  nearer  the  coast.  On 
each  side  of  the  highlands  the  land  slopes  toward  the  coast,  becoming 
at  the  same  time  freer  from  sinks  and  similar  irregularities,  but  more 
or  less  cut  by  stream  channels.  Along  the  coasts  on  both  sides  of  the 
southern  portion  of  the  peninsula  are  numerous  low-lying  islands  or 
reefs  of  coral,  shell  fragments,  or  other  material.  The  interior  of  the 
southern  portion  of  the  peninsula  is  occupied  largely  by  vast  swamps, 
of  which  the  Everglades  is  the  most  extensive  and  best  known. 

The  population  is  largely  confined  to  the  highlands.  There  are  a 
few  cities  and  villages  near  the  Gulf  coast  west  of  the  Tallahassee 
region  and  a  considerable  number  about  Tampa  Bay.  The  Gulf  coast 
is  otherwise  thinly  inhabited.  On  the  Atlantic  side  there  is  a  line  of 
villages  and  towns  along  the  coast,  but  south  of  Titusville  the  interior 
is  largely  uninhabited.  Key  West  and  a  few  villages  and  towns  are 
located  on  the  keys  and  islands. 
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GEOL.OGY. « 

The  axis  of  the  peninsula  of  Florida  consists  largely  of  rotten 
cavernous  limestone,  white,  gray,  or  yellow  in  color  and  of  the  Ter- 
tiary age.  The  main  belt  of  these  beds  extends  from  the  vicinity 
of  Taylor,  Madison,  and  Suwanee  counties  southeastward  to  Pasco 
County  and  vicinity.  On  the  west  the  Lower  Oligocene  limestones  are 
separated  from  the  coast  by  a  strip  of  Upper  Oligocene  beds,  consist- 
ing of  somewhat  harder  and  more  massive  limestones  with  occasional 
beds  of  clay.  The  Upper  Oligocene  beds  extend  northwestward  paral- 
lel with  the  Gulf  shore  to  the  western  limits  of  the  State.  On  the  east 
the  Lower  Oligocene  belt  is  limited  by  Octawaha  River,  beyond  which 
are  beds  of  Miocene  age  which  extend  nearly  or  quite  to  the  coast. 
Toward  the  west  a  strip  of  Miocene  parallels  the  coast,  lying  south  of 
the  Upper  Oligocene,  from  at  least  Ochlockonee  River  on  the  east  to 
Apalachicola  River  on  the  west.  In  the  southern  portion  of  the  State 
the  surficial  rocks  are  of  late  Tertiary  age,  mainly  Pliocene,  and  con- 
sist of  marls,  gray,  green  and  blue  clays,  soft  limestones,  shale  beds, 
etc.  In  the  central  part  of  the  northern  portion  of  the  peninsula 
great  thicknesses  of  sands,  mainly  of  Quaternary  age,  cover  the  older 
rocks,  while  along  the  northern  boundary  in  the  western  part  of  the 
State  occurs  the  southern  edge  of  the  mantle  of  yellow  sands,  etc., 
generally  known  as  the  Lafayette  formation.  Local  deposits  of 
coquina  and  other  late  Pliocene  and  Quaternary  materials  occur  at  a 
number  of  points  near  the  coast.  The  structure  of  the  peninsula  is 
supposed  to  be  anticlinal,  and  the  occurrence  of  artesian  water  would 
appear  to  bear  out  the  assumption.  Except  along  the  belt  of  Lower 
Oligocene  limestones,  where  the  land  rises  to  an  elevation  of  about 
250  feet,  and  in  a  few  of  the  sand  hills  the  region  is  very  low. 

UITDERGROIIKI)  WATERS. 

Highland  area, — Along  the  northern  border  of  the  State  and  in  the 
highlands  extending  southward  along  the  center  of  the  peninsula  the 
elevation  of  the  surface  generally  precludes  flowing  wells,  the  region 
being  one  of  catchment  rather  than  of  discharge.  There  is,  never- 
theless, frequently  a  range  of  75  feet  or  more  in  the  local  elevation  of 
the  surface  in  this  region,  and  flowing  wells  are  not  uncommon. 
They  depend,  however,  mainly  on  local  conditions,  artesian  areas  of 
any  extent  being  absent.  The  waters  seldom  rise  more  than  10  feet 
above  the  surface  even  when  the  wells  are  located  in  the  lowest  depres- 
sions. Fairly  good  water  may  be  obtained  in  most  instances  from 
drilled  wells  of  moderate  depth,  but  generally  pumping  has  to  be 
resorted  to. 

a  Compiled  from  data  funiished  by  T.  Wayland  Vaughan. 
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Many  of  the  depressions  and  channels  of  the  highland  area  are 
marked  by  springs,  some  of  which  have  been  developed  as  resorts, 
while  the  waters  of  others  are  placed  on  the  market  for  medicinal 
purposes.  The  springs  are  numerous  and  frequently  of  large  size, 
giving  rise,  as  in  the  case  of  Silver  Springs,  to  streams  navigable  to 
their  source.  The  waters,  though  hard,  generally  contain  little  sul- 
phur and  iron  in  solution. 

West  coast. — From  the  highland  area  the  surface  gradually  slopes 


Fig.  22.— iTinclpal  artesian  arean  of  Florida. 

westward  and  southward  to  the  coast.  The  area,  as  a  whole,  is  very 
thinly  settled,  and  relatively  few  wells  have  been  drilled.  In  Hills- 
boro  and  Manatee  counties,  bordering  upon  Tampa  Bay,  and  in  the 
region  extending  into  Polk  County  on  the  east,  there  is  a  considerable 
number  of  flowing  wells.  Flowing  water  is  also  found  occasionally 
from  Perry  County  westward  to  the  western  limits  of  the  State,  and 
it  is  probable  that  it  could  generally  be  obtained  if  the  region  was 
thoroughly  tested.     The  land,  however,  is  relatively  low  and  ill  adapted 
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•  to  settlement,  and,  moreover,  contains  numerous  streams  and  springs, 
j*ome  of  the  latter  forming  streams  of  considerable  size.  The  waters 
are  generally  charged  with  sulphur  and  are  undesirable  for  many 
purposes. 

East  coast. — Most  of  the  flowing  wells  of  Florida  are  located  along 
a  strip  from  20  to  40  miles  in  width,  following  the  east  coast  from  the 
northern  boundary  of  the  State  southward  to  beyond  Jupiter  Point. 
The  wells  are  most  numerous  along  St.  Johns  River,  which  lies  but 
a  few  feet  above  sea  level  and  along  the  so-called  Indian  River  between 
the  main  coast  and  the  outlying  reefs.  The  waters  frequently  rise  10 
feet  or  more  above  sea  level,  and  in  some  cases  are  repoited  to  rise  as 
high  as  60  feet,  indicating  that  the  waters  are  derived  from  the  high- 
lands of  the  interior.  This  tends  to  bear  out  the  assumption  which  has 
been  made  as  to  the  arched  structure  of  the  rocks  of  the  peninsula. 
Ailesian  wells  are  also  found  along  the  reefs  and  islands,  but  the  shal- 
low wells  in  such  locations  are  brackish. 

The  waters  from  the  flowing  wells  of  this  belt  are  extensively  util- 
ized for  irrigation  throughout  the  entire  strip,  both  on  the  mainland 
and  on  the  islands  or  keys.  They  are  usually  obtained  at  depths  of 
from  200  to  400  feet,  but  occasionally  wells  are  drilled  to  great  depths. 
A  few  very  deep  wells  failed  to  secure  satisfactory  supplies. 

Springs  of  considerable  volume,  generally  of  sulphur  water,  are 
found  along  St.  Johns  River  and  on  the  coast. 

Sand  area. — Overlying  a  considerable  area  in  the  north-central  part 
of  the  peninsula  and  to  a  lesser  extent  elsewhere  are  extensive  depos- 
its of  sands  of  Quaternary  age.  Throughout  this  region  the  ordinary 
wells  are  mainly  of  the  driven  type.  The  depth  is  commonly  from  10 
to  100  feet,  depending  largely  upon  the  elevation  at  which  the  well  is 
started.  The  water,  though  hard,  is  generally  not  otherwise  mineral- 
ized. In  most  instances  it  is  reported  to  be  satisfactory  as  regards 
health,  but  in  some  regions  is  not  considered  desirable  for  drinking 
purposes. 

mineraij  springs. 

In  1902  sales  of  mineral  water  were  reported  by  the  following 
springs  :** 

Hampton  Spring,  Rocky  Creek,  Taylor  County. 
Magnolia  Springs,  Magnolia  Springs,  Clay  County. 
Orange  City  Mineral  Spring,  Orange  City,  Volusia  County. 
Panacea  Mineral  Springs,  Wakulla  County. 
White  Sulphur  Springs,  White  Springs,  Hamilton  County. 

nPeale,  A.  C,  Mineral  Re80urce8  U.  S.  for  1902,  U.  S.  Geol.  Survey.  1904,  p.  996. 
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The  aggregate  output  is  reported  as  21,900  gallons,  with  a  value  of 
$8,277. 

PRKSrCIPAIi  PUBIilCATlOKS. 

Florida  [well  and  spring  records],  by  M.  L.  Fuller  and  B.  M.  Hall:  Water-Supply 
and  Irrig.  Paper  U.  S.  Geol.  Survey,  No.  102, 1904,  pp.  238-275. 

Mineral  springs  of  the  United  States,  by  A.  C.  Peale:  Bull.  U.  S.  Geol.  Survey  No. 
32,  pp.  85-87. 

Preliminary  list  of  deep  borings  in  the  United  States,  pt.  1,  by  N.  H.  Darton,  Water- 
Supply  and  Irrig.  Paper  U.  S.  Geol.  Survey  I^o.  57,  pp.  21,  22. 
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CRYSTAIil^INE  SCHISTS. 

Under  this  head  are  included  both  the  igneous  and  the  metamorphic 
sedimentary  rocks,  which  from  their  close  texture  are  not  very  per- 
meable, and  hence  are  poorly  adapted  to  absorbing  and  storing  under- 
ground waters,  but  which  are  very  generally  covered  with  a  mantle  of 
sandy  clays,  the  result  of  weathering,  which  yield  an  ample  supplj'^  of 
water  to  springs  and  shallow  wells.  While  the  conditions  are  as  a  rule 
unfavomble  for  obtaining  artesian  waters,  there  are  two  wells  at  Alex- 
ander which  yield  abundant  water  but  do  not  overflow. 

NONCRYSTAIililNE  FORMATIONS. 

The  noncrystalline  formations  are  found  in  northeastern  Alabama, 
and  together  with  the  crystalline  schists  cover  two-fifths  of  the  State. 
The  constituent  strata  are  sandstones,  shales,  and  limestones,  in  many 
alternations  and  of  various  degrees  of  purity.  Owing  to  folding 
and  other  movements  these  strata,  with  the  exc-eption  of  the  Coal 
Measures,  have  a  very  decided  dip,  generally  toward  the  southeast 
They  are  not  verj'^  porous;  but  the  sandstones  and  conglomerates,  when 
their  pores  are  not  too  much  clogged  with  argillaceous  and  calcareous 
material,  are  the  most  permeable. 

Sjyrings  and  shallow  wells. — In  all  the  Paleozoic  series,  and  espe- 
cially in  the  Carboniferous,  the  siliceous  rocks  above  mentioned  are  the 
sources  of  springs  and  shallow  wells  which  yield  pure  freestone  water, 
holding  in  solution  12  grains  or  less  of  mineral  matters,  mainly  the 
carbonates  of  sodium  and  calcium. 

The  shales  are  practically  impervious,  and  where  they  prevail,  as  in 
the  flatwoods  of  the  Cambrian  in  the  Coosa  Valley  above  Gadsden,  in 
the  central  belts  of  the  anticlinal  valleys,  and  in  some  parts  of  the  coal 
fields,  most  of  the  surface  springs  go  dry  in  summer  and  fall  months. 
In  some  parts  of  the  flatwoods  the  waters  from  the  shales  are  charged 
with  mineml  salts,  especially  the  sulphates  of  calcium  and  magne- 
sium— containing  as  high  as  127  grains  to  the  gallon.     From  certain 
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black  bituminous  snales  of  the  Devonian  containing  disseminated  py- 
rites are  obtained  strong  sulphur  waters  that  are  known  beyond  the 
limits  of  the  State.  Such  waters  occur  at  Blount,  Shelby,  St.  Clair, 
Talladega,  and  Alabama  White  Sulphur  Springs. 

The  limestones  are  very  generally  fissured,  channeled,  and  traversed 
by  caves.  Surface  springs  in  limestone  are  therefore  not  important, 
except  where  they  are  formed  by  the  emergence  of  underground 
streams.  The  "  big  springs,"  or  limestone  springs,  thus  originating 
characterize  particularly  the  Knox  dolomite  of  the  Silurian  and  the 
lower  Eiocarboniferous  formation.  Some  of  the  most  noted  of  these 
big  springs  are  at  Tuscumbia,  Huntsville,  Montevallo,  Talladega,  and 
rfacksonville.    The  water  is  always  charged  with  carbonate  of  lime. 

Artesian  systems, — The  compactness  and  the  steep  dip  of  the  rocks 
in  the  Paleozoic  area  do  not  oflFer  favorable  conditions  for  artesian 
wells,  yet  in  a  few  cases  deep  borings  have  been  successful.  Thus  at 
Anniston  sevei-al  wells  in  Cambrian  strata  have  a  depth  of  250  to  500 
feet,  and  the  water  rises  nearly  to  the  surface,  but  does  not  overflow. 
The  supply  is  ample  for  the  furnaces  for  which  the  wells  were  bored. 
On  the  southeastern  slope  of  Red  Mountain,  near  Gate  City,  there  are 
four  borings  which  reach  depths  of  25,  85,  103,  and  344  feet.  From 
two  of  these  the  water  overflows;  in  the  others,  on  slightly  higher 
ground,  it  rises  nearly  to  the  surface. 

In  the  Tennessee  Valley,  west  of  the  meridian  of  Huntsville,  the 
Eocarboniferous  strata  have  a  moderate  southerly  dip,  and  in  most  of 
the  deep  borings  the  water  rises  usually  to  within  30  feet  of  the  sur- 
face, as  near  Sheffield  and  Russell ville.  A  well  near  Decatur  flows  about 
10  gallons  per  minute.  This  well  was  bored  seventy-five  years  ago, 
and  there  has  been  no  perceptible  diminution  during  this  time.  In  the 
Coal  Measures  of  the  Warrior  basin  the  moderate  and  uniform  dip  of 
the  strata  is  favorable  to  artesian  wells,  but  the  texture  of  the  sand- 
stones and  other  strata  is  not.  Deep  borings  about  Cullman  and  Tus- 
caloosa reach  water  which  rises  in  the  wells  and  can  be  pumped.  At 
Jasper  a  deep  well  overflowed  for  some  years  after  it  was  bored,  but 
does  not  now. 

Several  borings  in  and  near  Tuscaloosa  penetrate  the  Coal  Meas- 
ures and  get  a  fairly  good  supply  of  water  which  rises  in  the  wells 
but  does  not  overflow.  At  the  furnace  of  the  Central  Coal  and  Iron 
Company  the  well  yields  500  gallons  per  minute.  The  water  contains 
sodium  chloride  and  the  salts  of  magnesium  and  calcium. 

COASTAIi  PLAIN. 

In  the  Coastal  Plain  region,  which  includes  about  three-fifths  of  the 
State,  the  most  important  rocks  are  Cretaceous  and  Tertiary.  The 
Cretaceous  overlies  the  Paleozoic  unconformably,  and  is  in  turn  over- 
lain by  the  Tertiary.     The  strata  of  both  series  are  composed  of  alter- 
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Bating  beds  of  sands,  clays,  and  limestones,  and  have  a  slight  Gulf- 
ward  dip,  which  averages  40  feet  to  the  mile.  The  surface  of  the 
country  slopes  in  the  same  direction,  but  at  a  much  less  rapid  rate, 
the  elevation  being  about  600  feet  above  tide  on  the  landward  margin, 
and  200  feet  in  the  two  coast  counties.  Thus  the  lithologic  and  phys- 
ical chai-acters,  the  arrangement,  and  the  gentle  uniform  southward 
slope  of  the  component  beds  provide  requisite  conditions  for  artesian 
systems. 

The  Cretaceous  and  Tertiary  rocks  are  covered  unconformably  by 
one,  and  in  some  places  by  two,  formations  of  much  later  date — the 
Lafayette  of  Quaternary  age  and  the  Grand  Gulf  of  late  Tertiary  or 
possibly  Quaternary.  The  Lafayette  is  far  more  extensive  than  the 
Grand  Gulf  group,  as  it  covers  or  has  covered  the  entire  Coastal 
Plain,  and  sometimes  for  miles  overlaps  the  Paleozoic  area.  It  was 
once  probably  continuous  over  this  region,  but  it  is  now  much  dis- 
sected, and  has  been  almost  entirely  removed  on  some  areas,  especially 
the  chalk  of  the  Cretaceous  and  the  post-oak  flatwoods  of  the  Tertiary. 
The  Grand  Gulf  group,  on  the  other  hand,  is  confined  to  the  lower 
counties.  In  the  western  half  of  this  region  it  overlaps  the  Miocene 
and  the  uppermost  (St.  Stephens)  formation  of  the  Eocene.  Toward 
the  east  it  covers  parts  of  the  Claiborne  and  even  of  the  "  Lignitic,"  and 
extends  to  the  border  of  the  Cretaceous. 

The  underground  waters  in  the  Coastal  Plain  are  hence  obtained  from 
two  sources — the  artesian  water  from  older  rocks  (Cretaceous  and  Ter- 
tiary) and  the  surface  waters  from  the  two  surface  mantles. 

SPRINGS  AND  SHALLOW  WELLS. 

The  Lafayette  formation,  consisting  of  red  sandy  loam  overlying 
irregular  beds  of  pebbles  and  averaging  20  to  25  feet  in  thickness, 
is  most  admirably  adapted  for  absorbing  and  storing  the  rainfall. 
At  its  contact  with  the  underlying  older  formations,  pure  freestone 
water  occurs  in  springs,  and  may  be  made  available  everywhere  by 
means  of  shallow  wells.  As  the  water  percolates  through  sands  and 
pebbles,  it  takes  in  solution  a  very  small  amount  of  mineral  matter, 
generally  less  than  3  grains  to  the  gallon,  of  which  carbonate  of  lime 
is  the  chief  ingredient.  Wherever  this  mantle  is  found  in  patches  of 
considerable  extent,  a  never  failing  supply  of  the  purest  water  may 
be  counted  on,  and  the  country  is  traversed  by  perennial  streams. 
However,  it  does  not  afford  the  requisite  conditions  for  artesian  sys- 
tems, (1)  because  of  the  great  irregularity  in  the  stratification  due  to 
eroiion  and  (2)  because  being  a  mantle  it  has  a  southward  dip  not 
greater  than  the  slope  of  surface. 

The  Grand  Gulf  group  resembles  the  Lafayette  and  underlies 
it  directly  wherever  the  two  occur  together,  but  is  much  more  lim- 
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ited  in  distribution  and  more  uniform  and  regular  in  stratification. 
It  is  therefore  well  adapted  to  serve  as  a  water  reservoir.  Its  waters, 
like  those  of  the  Lafayette,  are  in  general  exceptionally  pure,  though 
sometimes  highly  charged  with  dissolved  salts,  mainly  cartonate  of  lime. 
In  the  best  of  them  there  are  not  more  than  5  grains  of  mineral  matter 
to  the  gallon.  Freelj^  flowing  springs  and  perennial  streams  are  not, 
however,  so  characteristic  of  this  as  of  the  Lafayette.  Shallow  ponds 
and  depressions,  where  the  moisture-loving  plants  constituting  the 
"pine-barren"  flora  find  their  most  favorable  conditions  of  existence, 
are  typical  features  of  the  Grand  Gulf  territory. 

This  formation  is  an  admirable  cover  for  artesian  waters,  because 
of  the  thick  stratified  clays  in  its  upper  members.  Over  a  large  por- 
tion of  this  region,  notably  about  Brewton  and  Pollard  and  other 
localities  in  Escambia  County,  water  of  good  quality  flows  from 
borings  100  to  400  feet  deep.  The  water  is  obtained  in  part  from  the 
Grand  Gulf  group  and  in  part  from  the  underlying  Tertiary  beds. 

Springs  and  shallow  wells  which  obtain  water  from  the  older  forma- 
tions vary  in  character.  If  they  have  their  origin  in  the  great  sand  for- 
mations of  the  lowermost  Cretaceous  and  of  the  Tertiary,  they  are 
numerous  and  reliable,  though  the  water  is  sometimes  unpalatable 
because  of  much  dissolved  mineral  matter.  In  the  limestone  forma- 
tions of  the  middle  Cretaceous  and  upper  Tertiary,  surface  waters  are 
small  in  amount  and  unreliable,  compelling  recourse  to  artesian  wells. 

ARTESIAN  WATER  SYSTEMS. 

The  materials  and  the  structure  of  the  Coastal  Plain  formations  are 
favorable  to  artesian  wells,  as  the  strata  are  composed  of  sands  and  clays 
in  many  alternations,  and  have  a  moderate  and  uniform  dip  southward. 

The  two  lowermost  divisions  of  the  Cretaceous — the  Tuscaloosa  and 
the  Eutaw — are  prevailingly  sands,  alternating  with  sheets  of  clay. 
The  Tuscaloosa  is  of  fresh- water  origin,  while  the  Eutaw  is  a  marine 
deposit.  The  water  obtained  from  the  Tuscaloosa  beds  holds  usually 
less  than  15  grains  of  dissolved  solids  to  the  gallon,  mainly  the  car- 
bonates of  lime  and  sodium,  with  smaller  proportions  of  sodium 
chloride  and  magnesium  carbonate.  The  potable  waters  of  the  Eutaw 
sands,  on  the  other  hand,  contain  from  15  to  30  grains  of  solid  matters 
per  gallon,  and  the  chloride  and  carbonate  of  sodium  predominate, 
though  occasionally  the  carbonate  of  lime  is  more  abundant.  Some  of 
these  waters  are  brines,  holding  as  much  as  260  grains  of  sodium 
chloride  to  the  gallon. 

In  the  area  of  the  Selma  chalk  which  immediately  overlies  the 
Eutaw  surface  waters  are  practically  nonexistant  except  in  wet 
weather,  and  recourse  must  be  had  to  artesian  wells  or  to  cisterns  sunk 
in  the  solid  chalk  rock.  In  this  section  most  of  the  artesian  wells 
obtain  water  from  the  Eutaw  sands,  which  are  300  feet  thick  and  in 
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which  four  water  horizons  are  recognized  by  well  borers.  The  fourth 
or  lowermost  is  generally  the  strongest  and  most  reliable,  yielding 
generally  flowing  water  where  the  altitude  is  not  over  215  feet  above 
tide.  In  the  eastern  part  of  this  area,  in  Russell  County  particularly, 
the  water  sometimes  rises  to  altitudes  of  300  feet. 

Along  the  southern  border  of  the  chalk,  as  at  Liringston  and  Linden, 
artesian  borings  must  traverse  the  entire  thickness  of  the  limestone— 
1,000  feet — before  reaching  the  water-bearing  sands.  Near  the  north- 
ern border,  of  course,  the  borings  are  much  shallower,  but  here,  in 
order  to  get  a  copious  and  reliable  water  supply,  the  borings  must 
frequently  go  deep  into  the  Tuscaloosa  strata  underlying  the  Eutaw. 
The  upper  members  of  the  Tuscaloosa  contain  much  purplish  or 
reddish  clay,  generally  referred  to  by  the  well  borers  as  the  "pink 
kaolin." 

Hundreds  of  artesian  wells  supply  the  plantations  of  the  prairie 
belt  across  the  State  and  many  cities,  among  which  are  Eutaw,  Greens- 
boro, Marion,  Selma,  Demopolis,  Uniontown,  Montgomery,  and  Union 
Springs. 

The  uppermost  of  the  Cretaceous  formations,  the  Ripley,  is  formed 
of  calcareous  sands  which  weather  at  surface  into  loose  sands  and  are 
well  adapted  to  collecting  and  storing  surface  waters.  Springs  and 
shallow  wells  in  consequence  generally  aflford  an  ample  supply  of 
water,  which  is  usually  limy.  Below  the  belt  of  weathering,  however, 
these  beds  do  not  appear  to  be  very  permeable,  as  is  shown  by  the 
failure  of  most  of  the  deep  borings  into  them. 

Near  the  base  of  the  Tertiary,  west  of  Alabama  River,  200  feet  of 
massive  clays  give  rise  to  the  post-oak  flatwoods  which  are  charac- 
terized b}'^  heavy  cold  soils,  defective  drainage,  and  deficiency  of 
springs  and  surface  waters  generally  during  the  dry  seasons.  The 
shallow  wells  sunk  into  these  clays  give  a  scanty  and  unreliable  supply 
of  water  which  is  often  unfit  to  drink  because  of  excess  of  dissolved 
salts,  especially  magnesium  sulphate,  which  is  sometimes  present  to 
the  amount  of  100  to  210  grains  per  gallon.  Waters  of  this  character 
from  wells  near  York  and  Curls,  in  Sumter  County,  are  extensively 
used  for  medicinal  purposes.  The  failure  of  the  underlying  Ripley 
sands  to  supply  good  artesian  water  is  a  great  drawback  to  t^e  flat- 
woods  territory. 

East  of  Alabama  River  the  prevailing  beds  near  the  base  of  the 
Tertiary  are  limestones,  wh'eh  in  Barbour  County  are  of  sufficient 
thickness  to  give  rise  to  caverns,  '^Big  Springs,"  and  water  conditions 
similar  to  those  of  other  limestone  areas. 

In  the  "  Lignitic"  group  of  the  Tertiary  the  alternations  of  sands  and 
clays  and  their  uniform  moderate  dip  are  favorable  to  artesian  systems, 
and  two  artesian-water  horizons  are  well  known,  the  Nanafalia  and  the 
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Hatchetigbee.  The  same  conditions  prevail,  also-,  in  the  lower  part  of 
the  Claiborne  division,  but  the  St.  Stephens  limestone  at  the  top  of  the 
Eocene  is,  of  course,  not  to  be  counted  among  the  good  water  bearers. 
In  the  Tertiary  area  of  Alabama  the  artesian  wells  are  not  so  common 
as  in  Mississippi,  but  there  are  enough  of  them  to  prove  that  artesian 
water  of  good  quality  may  be  had  in  abundance.  The  abundance  of 
good  water  furnished  by  the  Lafayette  formation  has  rendered  the 
sinking  of  artesian  wells  for  individual  use  unnecessary,  but  many 
towns  in  the  lower  counties  have  recourse  to  deep  borings  for  their 
supplies,  and  the  number  of  artesian  wells  increases  yearly. 

The  late  Tertiary  (Miocene)  formations  underlying  Mobile  and 
Baldwin  counties,  have  likewise  all  the  requisites  of  artesian  systems. 
In  and  near  the  city  of  Mobile  several  wells,  700  to  1,550  feet  deep, 
obtain  abundant  water,  which  is  sometimes  potable  and  sometimes 
excessively  salty.  On  the  coast  at  Bayou  La  Batre  an  artesian  well 
supplies  the  canning  factory.  It  is  580  feet  deep,  and  the  water  rises 
15  feet  above  the  surface.  The  water  holds  only  14.4  grains  of  dis- 
solved mineral  salts  per  gallon,  chiefly  the  chloride  and  carbonate  of 
sodium. 

BRINE   AND   GAS  WELLS. 

This  record  would  be  incomplete  without  some  reference  to  the  brine 
and  gas  wells  of  Washington  and  Clarke  counties,  which  occur  along 
the  southern  border  of  the  Hatchetigbee  anticline  and  its  southeast- 
ward prolongation.  Most  of  these  borings  are  located  in  the  palmetto 
flats  of  small  creeks,  near  their  mouths,  and  at  the  base  of  hills  capped 
with  the  St.  Stephens  limestone.  Beginning  in  Claiborne  strata  at  the 
surface  they  penetrate  100  to  400  feet  into  the  underlying  Hatchetigbee 
sands.  The  water  rises  to  the  surface  in  all  cases,  and  at  many  points 
there  are  natural  brine  oozes,  which  may  be  converted  into  reservoirs 
of  salt  water  by  inclosing  an  area  of  15  or  20  feet  diameter  by  a  pali- 
sade of  heavy  timbers  and  digging  out  the  interior.  During  the  civil 
war  the  brine  from  these  wells  and  reservoirs  was  extensively  used  in 
the  manufacture  of  salt.  In  most  cases  natural  gas  in  considerable 
quantity  accompanies  the  salt  water,  and  frequently  the  weak  brines  are 
strongly  impregnated  with  sulphuretted  hydrogen  gas,  producing  the 
most  palatable  sulphur  waters  in  the  State. 

Of  this  character  are  the  waters  of  the  well  at  Jackson,  in  Clarke 
County,  and  at  several  of  the  salt  works.  Natural  gas  is  also  asso- 
ciated with  the  salt  waters  from  other  horizons.  The  deep  well  at 
Cullom  Springs,  Choctaw  County,  yields  much  gas  along  with  salt 
water,  and  the  Bascomb  well  near  Mobile  throws  up  a  foaming  jet  of 
mingled  salt  and  gas,  which  on  ignition  burns  with  a  flame  several  feet 
in  height. 
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MINERAIi  SPRINGS. 

Of  the  many  large  springs  only  eight  were  reported  in  1902  as  util- 
izing their  water  for  shipment.     These  springs  are  as  follows: 

Bailey  Springe,  Bailey  Springs,  Lauderdale  County. 

Cherokee  Spring,  Citronelle,  Mobile  County. 

Healing  Springe,  Healing  Springs,  Washington  County. 

Ingram  Lithia  Springs,  Calhoun  County. 

MacGregor  Spring,  Spring  Hill,  Mobile  County. 

Talladega  Springs,  Talladega  County. 

Wilkinson's  Matchless  Mineral  Wells,  Greenville,  Butler  County. 

York  Aperient  Well,  York,  Sumter  County. 

The  total  output  is  placed  at  68,060  gallons,  with  a  value  of  $28,109. 
PRINCIPAIi  PUBL.ICATIONS. 

Mineral  springs  of  the  United  States,  by  A.  C.  Peale:  Bull.  U.  8.  Geol.  Survey  No. 

32,  pp.  8S-94. 
Preliminary  list  of  deep  borings  in  the  United  States,  pt  1,  by  N.  H.  Darton:  Water- 

Supply  and  Irrig.  Paper  U.  S.  Geol.  Survey  No.  57,  pp.  10-11. 
Alabama  [well  records],  by  E.  A.   Smith:  Water-Supply  and  Irrig.  Paper    U.   S. 

Geol.  Survey  No.  102,  pp.'  276-331. 
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By  L.  C.  Johnson. 


GEOIiOGY. 


The  geologic  structure  of  Mississippi  is  very  simple,  but  the  details 
of  the  distribution  of  various  formations  are  hard  to  make  out  owing 
to  the  extent  to  which  the  underlying  rocks  are  concealed  by  more 
recent  deposits,  such  as  the  river  alluvium,  loess,  and  Orange  sand  or 
Lafayette  formation. 

The  oldest  rocks  in  the  State  are  comprised  in  a  series  of  limestones 
of  Mississippian  ('* Lower  Carboniferous")  age,  which  outcrop  in 
northeastern  Mississippi  and  cover  much  of  Tishomingo  County,  and 
a  small  portion  of  Itawamba  County.  South,  southwest,  and  west  of 
this  older  rock  mass  outcrop  successive  parallel  bands  of  later  rocks, 
which  dip  away  from  the  Carboniferous  mass  in  a  direction  which 
varies  from  south  to  west.  Along  the  Alabama  State  line,  for  exam- 
ple, the  dip  is  practically  due  south;  along  the  Tennessee  line  it  is 
almost  due  west,  while  in  intervening  sections  it  is  southwest.  The 
amount  is  slight,  averaging  probably  about  25  to  35  feet  to  the  mile. 
Southward  or  westward  from  Tishomingo  County  newer  and  newer 
series  of  rocks  outcrop  until  recent  alluvial  deposits  are  found  along 
the  Gulf  and  Mississippi  River. 

The  distribution  of  the  more  important  of  the  geologic  formations 
are  shown  in  the  accompanying  sketch  map  (fig.  23). 

MISSISSIPPIAN    (''lower  CARBONIFEROUS")    ROCKS. 

The  Mississippian  rocks  occupy  an  area  covering  portions  of  Tisho- 
mingo and  Itawamba  counties.  They  consist  largely  of  limestones. 
They  abound  in  springs,  which  are  so  numerous  and  accessible  that 
there  has  been  little  demand  for  deep  borings,  though  open  wells  with 
a  depth  of  100  feet  and  yielding  good  water  are  not  uncommon.  A 
few  of  the  well  waters  are  mineralized.  Some  of  the  springs  iasue 
from  the  Mississippian  rocks  and  some  from  the  Cretaceous  sands 
which  thinly  cover  the  harder  rocks  along  the  borders  of  the  area. 

Two  important  springs  occur  in  the  area.     The  first,  known  as  Bay 

Spring,  is  located  near  the  falls  of  Mackay  Creek,  and  may  have  its 

source  within  fissures  of  the  limestone.     The  waters  are  of  normal 

purity.     The  second  spring,  the  luka,  is  a  medicinal  spring  containing 
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considerable  amounts  of  sulphur,  iron,  sodium,  and  calcium.  It  is 
located  in  the  city  of  the  same  name  and  has  been  developed  as  a  health 
and  pleasure  resort. 

CRETACEOUS   DEPOSITS. 

Southwest  of  the  Mississippian  area  are  the  Cretaceous  formations. 
These  occupy  a  belt  outcropping  around  the  area  of  Mississippion 
roi'ks.     In  general,  water  may  be  obtained  in  this  section  by  wells  at 


Fig.  23.— Geologic  sketch  map  of  Miasiasippi. 

a  depth  of  from  200  to  1,500  feet,  the  depth  increasing  with  the  dis- 
tance from  the  contact  with  the  Mississippian.  Few  of  the  wells  flow, 
but  the  water  generally  rises  to  within  easy  pumping  distance  of  the 
surface.  In  quality,  the  water  is  usually  more  or  less  alkaline,  but  in 
a  few  wells  it  is  pure  and  soft. 
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Tmcaloosaformaiion. — This  oldest  Cretaceous  formation,  which  con- 
sists largely  of  variable  beds  of  sands  and  clays,  is  separated  into  two 
parts  by  a  persistent  bed  of  purplish  clay.  The  upper  portion 
generally  yields  only  small  amounts  of  unsatisfactory  water,  but  the 
lower  half  and  the  sandy  bed  at  the  top  of  the  upper  half  yield  copious 
supplies  of  good  water.  Wells  drawing  their  supplies  from  this 
formation  are  located  at  Columbus,  Lowndes  County,  at  Grattman, 
Aberdeen,  and  Amory,  Monroe  County,  and  elsewhere.  Springs  are 
not  uncommon  where  streams  have  cut  into  the  deposits.  Kolola 
Spring  on  Buttahatchee  River,  in  Lowndes  County,  has  considerable 
reputation  because  of  the  medicinal  properties  of  its  water,  which 
carries  sodium,  potassium,  magnesium,  calcium,  and  iron,  especially 
the  latter. 

Entaw  beds. — ^The  name  Eutaw  has  been  applied  to  the  sandy  beds 
between  the  Tuscaloosa  formation  and  the  overlying  Selma  chalk.  In 
Alabama  the  Eutaw  beds  usually  yield  saline  waters,  but  in  Missis- 
sippi they  are  not  water  bearing,  the  wells  generally  passing  through 
them  into  the  underlying  Tuscaloosa  formation. 

Sdma  chalk  or  Rotten  limestone. — In  Mississippi  this  formation  is  not 
a  water-bearer,  but  throughout  the  prairie  regions  of  the  northeastern 
part  of  the  State  it  serves  as  a  cap  rock  to  the  water-bearing  bed  at  the 
top  of  the  Tuscaloosa  formation.  There  are  more  than  a  hundred 
deep  wells  each  in  Noxubee,  Lowndes,  Clay,  Monroe,  and  Lee  counties, 
and  there  is  a  large  number  of  wells  in  Oktibbeha,  Chickasaw, 
Prentiss,  and  Union  counties.  In  the  western  parts  of  these  counties 
there  are  fewer  wells  than  in  the  eastern,  not  because  of  the  impos- 
sibility of  obtaining  water,  but  because  the  wells  must  be  deeper  and 
are  therefore  more  costly. 

The  regularity  of  the  water-bearing  beds  as  shown  by  the  wells 
indicates  there  has  been  no  material  disturbance  or  dislocation  of  the 
deposits  beyond  a  simple  tilting  westward  from  the  contact  of  the 
Rotten  limestone  and  Tuscaloosa  beds  at  the  rate  of  25  feet  to  the  mile. 

Ripley  heda. — ^The  Ripley  beds  in  Mississippi  consist  of  a  series  of 
sands,  marls,  and  limestones  outcropping  west  and  southwest  of  the 
Selma  chalk  or  Rotten  limestone.  Until  recently  no  water  supplies  of 
importance  had  been  obtained  from  these  beds,  but  abundant  water 
has  lately  been  found  in  a  number  of  wells  at  Ecru,  in  Pontotoc 
County.  The  wells  appear  to  be  located  in  a  local  syncline  or  trough 
and  have  an  average  depth  of  about  200  feet.  Most  of  them  flow  at 
the  surface. 

Springs  are  not  abundant  in  the  Ripley  beds,  but  they  frequently 
occur  along  its  contact  with  the  overlying  Lafayette  sands  and  gravel. 
The  large  Blue  Mountain  Spring  is  an  example  of  this  type.  It  car- 
ries a  small  amount  of  calcium  and  magnesium  carbonates,  derived,  it 
is  supposed,  from  the  underlying  marls  of  the  Ripley  beds. 
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TERTIARY   DEPOSITS. 

Westward  from  the  limits  of  the  Selma  chalk  or  Rotten  limestone 
to  the  delta  district,  and  southward  to  the  southern  portion  of  the 
State,  lies  the  broad  belt  of  Tertiary  deposits,  which  have  been  divided 
into  a  considerable  number  of  formations,  each  of  which  is  considered 
below. 

Midway. — ^The  Midway  beds  consist  of  limestones  overlying  the 
Kipley  sands,  marls,  etc.  The  thickness  is  slight  and  they  do  not 
carry  any  considerable  amount  of  water. 

^^Li^nitic^'^  group, — One  of  the  most  important  divisions  of  the  Ter- 
tiary is  the  "Lignitic"  group,  which  is  further  subdivided  in  Alabama 
into  (1)  the  Sucamochee,  consisting  of  black  clays,  (2)  the  Naheola, 
(3)  the  Nanafalia,  (4)  the  Bashi,  and  (5)  the  Hatcbetigbee  formations. 
The  last  four  consist  largely  of  gray  lignitic  clays,  with  occasional  marl 
beds  and  some  water-bearing  sand. 

The  general  structure  of  the  region  underlain  by  the  Lignitic  group 
is  favorable  to  obtaining  water,  both  by  wells  and  springs.  The  sur- 
face elevation,  however,  is  so  nearly  uniform  that  even  deep  borings 
seldom  produce  flowing  wells.  Where  the  streams  have  cut  into  the 
deposits  numerous  springs  issue  from  the  banks,  except  in  the  case  of 
the  Sucarnochee  formation. 

The  Sucarnochee  formation  is  a  deep  black  clay,  very  impervious  to 
water.  Springs  frequently  issue  from  the  more  porous  beds  overlying 
it,  but  it  is  itself  practically  destitute  of  water. 

The  Naheola  formation  contains  a  few  sandy  beds  yielding  ^mall 
flows  of  water.  Wells  at  Lauderdale  penetrate  these  beds  at  depths 
of  from  100  to  200  feet,  and  obtain  weak  flows  rising  2  or  3  feet  above 
the  surface.  Similar  wells  have  been  obtained  in  this  formation  at 
scattering  points  elsewhere.  Some  of  the  largest  springs  of  Missis- 
sippi appear  at  the  contact  of  the  Naheola  with  the  underlying  clays 
of  the  Sucarnochee  formation.  Like  the  Naheola  these  formations 
consist  of  grayish  lignitic  clays  with  occasional  marl  and  sand  beds. 
They  are  not  important  water  horizons.  At  Meridian  boring 
penetrated  the  "Lignitic"  strata  from  the  Hatcbetigbee  down  to  the 
Sucarnochee,  but  the  water  only  rose  to  within  20  feet  of  the  surface. 

There  are  a  number  of  springs  from  the  Nanafalia  formation,  one  of 
which,  the  Lauderdale,  is  of  considerable  importance.  The  waters, 
which  carry  considerable  sulphur,  issue  from  lignitic  beds  on  a  branch 
of  the  Sucarnochee  River,  near  Lauderdale.  A  health  resort  has  been 
developed  at  the  spring. 

The  Hatcbetigbee  formation  is  similar  to  the  preceding  Lignitic 
formations,  but  carries  thicker  beds  of  sand,  and  is  therefore  a  more 
important  water-bearing  formation.  It  underlies  a  considerable  por- 
tion of  the  delta  deposits,  and  is  thought  to  be  the  source  of  water  of 
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the  wells  drilled  through  the  deposits  of  the  delta  at  Memphis,  Tenn., 
Tunica,  Coahoma,  Quitman,  Tallahatchie,  Leflore,  Sunflower,  Bolivar, 
and  other  places.  The  depth  constantly  increases  toward  the  south 
and  west  from  850  to  1,300  feet. 

The  most  important  spring  in  the  Hatchetigbee  deposits  is  the  Arun- 
del Lithia  Spring.  The  water  issues  from  the  Hatchetigbee  sands, 
where  Oktibbee  River  and  Sowoshee  Creek  have  removed  the  Buhr- 
stone  and  cut  away  the  sands  down  to  the  stiff  clay  beneath.  Consid- 
erable amounts  of  the  water  are  sold.  The  whole  of  the  adjoining 
region  is  marked  by  numerous  springs,  but  in  general  none  of  them 
have  been  improved  nor  the  water  marketed. 

TaUaJiatta  foi^mation  (Jmhrstone). — The  Tallahatta  formation  con- 
sists essentially  of  a  series  of  hard  sandy  beds,  more  or  less  porous  in 
places,  comprising  the  lower  portion  of  the  Claiborne  group.  It  con- 
tains little  water  in  itself,  but  forms  an  impervious  cap  rock  to  the 
water-bearing  sands  of  the  underlying  Hatchetigbee.  By  its  resist- 
ance to  erosion  the  Tallahatta  has  given  rise  to  an  elevated  ridge  which 
is  of  much  assistance  in  the  location  of  water-bearing  beds.  Water 
which  rises  to  a  greater  or  less  distance  is  almost  always  found  beneath 
it,  the  local  topography  determining  whether  the  well  will  flow  or  not. 
This  horizon  supplies  the  wells  at  Stonewall  (300  feet),  Quitman  (500 
feet),  Enterprise  (200  feet),  all  in  Clarke  County;  at  Grahams  Switch 
(90  feet),  and  Meehan  Junction,  in  Lauderdale  County,  and  at  Chunky 
and  Hickory  (500  feet),  in  Newton  County.  It  is  also  probable  that 
the  artesian  flows  at  West,  Pickens,  Durant,  Tchula,  and  Lexington, 
in  Holmes  County,  are  from  the  same  source.  To  the  above  list  may 
possibly  be  added  the  deep  wells  at  Jackson,  Hinds  County  (964  feet), 
and  at  Canton,  Madison  County  (1,020  feet),  both  of  which,  however, 
were  bored  through  the  Jackson  and  Claiborne  marls  before  pene- 
trating the  Hatchetigbee  beneath  the  buhrstone. 

Linhon  formation  (calcareous  Clmbome). — This  formation  consists 
of  marls  and  green  sand,  and  has  a  total  thickness  of  about  3<X)  feet. 
It  contains  several  minor  beds  of  ferruginous  water-bearing  sands,  but 
none  of  them  are  as  persistent  as  the  Hatchetigbee.  One  of  these  beds 
is  encountered  at  300  feet  at  Shubuta,  and  at  500  feet  at  Waynesboro. 
The  water  from  these  wells  is  colored  by  the  iron,  and  is  also  highly 
alkaline. 

A  local  sand  bed  of  the  Lisbon  formation  yields  colorless,  but 
chalybeate  water  in  the  double  wells  at  Shubuta,  and  in  the  wells  at 
De  Soto  and  Pachuta.  The  water  in  the  last  well  only  comes  within 
20  feet  of  the  surface. 

Springs  are  by  no  means  rare  in  the  Lisbon  area,  but  tljey  are 
generally  supposed  to  come  from  the  overlying  Lafayette  sand.  A 
few,  however,  are  probably  of  deeper-seated  origin.  The  Arehusa 
Spring,  near  Quitman,  Clarke  County,  is  derived  from  these  beds. 
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The  water  is  sulphurous  and  alkaline.  The  Pierce  Spring,  near  the 
banks  of  Bucatanna  Creek,  in  eastern  Clarke  County,  is  also  strongly 
mineralized.  The  Robinson  Spring,  in  Madison  County,  which  has 
been  developed  as  a  health  resort,  yields  water  similar  to  that  of  the 
springs  in  Clarke  County. 

Jaekmn  and  VicJcshurg  formations. — ^These  two  formations,  which 
may  be  grouped  together,  consist  of  marls,  clays,  and  limestone,  the 
latter  predominating  in  the  upper  or  Vicksburg  division.  There  are 
few  sandy  beds  and  artesian  waters  are  generally  lacking.  The  flow- 
ing wells  located  in  the  area  of  outcrop  obtain  water  from  the  fer- 
ruginous sands  of  the  Lisbon  formation  at  Shubuta  and  Waynesboro, 
and  from  the  Hatchetigbee  sands  at  Jackson  (964  feet)  and  Canton 
(1,020  feet).  An  impoi'tant  mineral  well,  known  as  the  Cooper  well, 
is  located  3  miles  east  of  Raymond.  It  is  90  feet  deep,  and  at  this 
point  has  been  developed  the  most  important  health  resort  in  the  State. 
The  water  contains  iron,  magnesia,  soda,  and  sulphur.  Another  well- 
known  mineral  well,  near  Haz1ehui*st,  Copiah  County,  obtains  water 
from  this  formation.  The  water  is  impregnated  with  sodium  and 
magnesium  chlorides  and  calcium  sulphates.  It  occurs  at  a  depth  of 
63  feet,  probably  in  a  lignite  bed.  A  third  mineral  well  of  impor- 
tance is  the  Godbold,  li  miles  from  Summit,  Pike  County. 

Springs  in  the  area  of  outcrop  of  this  formation  are  really  from  the 
sands  and  gravels  of  the  overlying  Lafayette.  The  best  known  of 
these  break  out  along  Paulding  Ridge,  in  Jasper  County.  Those 
issuing  on  the  north  side  generally  yield  pure,  soft  water;  those  on 
the  south  are  usually  mineralized.  The  Phalti  Spring  (sec.  8,  2  N., 
R.  13  E.);  Bay  Spring,  at  Bayspring  post-office;  Donald's  mineral 
spring,  near  Weems;  and  Vosburg  and  Staffoixl  springs,  in  the  same 
vicinity,  are  among  the  most  important. 

Grrand  Gulf  group. — The  Grand  Gulf  is  by  far  the  most  extensive 
formation  in  the  State,  and  consists  of  a  variable  series  of  sandstones, 
sands,  and  lignitic  clays.  Practically  every  sand  bed,  of  which  there 
are  a  great  number,  is  water  bearing,  and  supplies  are  obtained  by 
dug,  bored,  and  drilled  wells.  Where  stream  erosion  has  cut  into  the 
beds  to  any  considerable  distance  springs  occur.  At  Hattiesburg, 
Laurel,  Brookhaven,  and  Natchez  water  is  obtained  at  depths  of  from 
200  to  400  feet,  but  only  at  Hattiesburg  does  it  rise  above  the  surface. 
There  are  considerable  evidences  of  undulations  of  the  beds  in  the 
Grand  Gulf  area,  the  flowing  water  at  Hattiesburg  being  referred  to 
a  shallow  synclinal  trough  at  that  point. 

Among  the  springs  and  mineral  wells  may  be  mentioned  the  Missis- 
sippi Springs  in  Hinds  County  (sec.  2,  T.  6  N.,  R.  4  E.);  the  Mammoth 
Mineral  Springs,  Perry  County  (sees.  24  and  25,  T.  5  N.,  R.  14  W.); 
and  Rawls  Spring,  2  miles  farther  west.  The  Mammoth  Spring,  6 
miles  northwest  of  Hattiesburg,  is  a  large  spring  issuing  from  lig- 
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nitic  clays.     Both  the  Mammoth  and  Rawls  springs  are  noted  for  the 
medicinal  value  of  their  waters. 

QUATERNARY. 

Lafayette  sands  and  gravels.  —The  Lafayette  formation  is  poorly 
defined,  but  may  be  considered  as  made  up  of  a  series  of  yellowish 
or  orange  sands  and  gmvels  occurring  as  a  mantle  over  the  outcropping 
edges  of  the  Grand  Gulf  and  other  formations.  Because  of  its  sandy 
and  gravelly  character  it  contains,  especially  at  the  base,  a  large  amount 
of  water,  which  is  usually  pure  and  soft,  and  which  is  obtained  by 
shallow  wells. 

Loess  and  loam. — ^The  loess  consists  of  fine  fossiliferous  yellowish 
silts,  while  the  loam  consists  of  browner  silts,  possibly  produced  by 
the  weathering  of  the  loess.  The  deposits  occur  over  the  Yazoo  delta 
region  in  the  northwestern  part  of  the  State.  Only  very  small  amounts 
of  water  can  be  obtained  in  the  loess  or  loam,  practically  all  of  the 
wells  passing  through  it  into  the  underlying  Lafayette  or  still  older 
formations. 

Pontchartrain  clay  and  Biloxi  sand. — The  Pontchartrain  clay  is  a 
greenish  clay  occurring  in  a  narrow  belt  in  the  extreme  southern  part 
of  the  State,  and  separated  from  the  coast  by  a  very  narrow  strip  of 
sandy  beds,  known  as  Biloxi  sands.  Shallow  wells  in  these  two  for- 
mations everywhere  obtain  abundant  water  at  shallow  depths,  although 
the  quality  is  not  always  satisfactory.  Ta  obtain  flowing  water  the 
wells  must  extend  to  the  Grand  Gulf  formation.  Water  is  found  at 
depths  of  approximately  400,  600,  700,  850,  and  900  feet. 

The  buckshot  lands  of  the  delta  have  sometimes  been  referred  to  the 
Port  Hudson  group, which  includes  the  two  formations  under  discu&sion. 
The  water  is  generally  fairly  abundant  and  soft,  but  has  not  been  found 
to  be  wholesome  for  drinking.  In  the  northern  part  of  the  delta  area 
water  can  be  obtained  from  deep  wells  reaching  to  the  Tertiary  beds. 

Alluvium. — Under  alluvium  are  included  the  surface  materials  of 
the  Mississippi  delta  region  and  the  deposits  in  the  lower  portions  of 
the  courses  of  other  large  streams.  The  waters,  though  soft,  are  not 
regarded  as  wholesome. 

MINERAIi  WATERS. 

In  1902  shipments  of  mineral  water  were  reported  from  the  follow- 
ing seven  springs: 

Arundel  Lithia  Springs,  near  Meridian,  Lauderdale  County. 

Browns  Wells,  Browns  Wells,  Copiah  County. 

Castalian  Springs,  near  Durant,  Holmes  County. 

Godbold  Mineral  Well,  near  Summit,  Pike  County. 

Lowes  Wells,  Hazlehurst,  Copiah  County. 

Robinson  Mineral  Springs,  Robinson  Springs,  Madison  County. 

Stafford  Mineral  Springs,  near  Vosburg,  Jasper  County. 
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The  aggregate  amount  sold  is  reported  as  459,486  gallons,  valued  at 
$77,868. 

PRrNCIPAIi  PUBIilCATIONS. 

Mineral  springs  of  the  United  States,  by  A.  C.  Peale:  Bull.  U.  S.  Geol.  Survey  No. 
32,  pp.  95-97. 

Preliminary  list  of  deep  borings  in  the  United  States,  pt.  1,  by  N.  H.  Darton: 
Water-Supply  and  Irrig.  Paper  U.  S.  Geol.  Survey  No.  57,  pp.  57. 

Mississippi  [well  records],  by  L.  C.  Johnson  and  E.  C.  Eckel:  Water-Supply  and 
Irrig.  Paper  U.  S.  Geol.  Survey  No.  102,  pp.  332-357. 
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LOUISIANA  AND  SOUTHERN  ARKANSAS/ 


By  A.  C.  Veatch. 


GENERAIi  GEOIiOGY. 

Louisiana  and  Arkansas,  south  of  Arkansas  River  and  the  mountains, 
have  the  same  general  structure  as  the  great  American  Coastal  Plain,  of 
which  they  form  a  part.  The  land  is  highest  toward  the  old  plateau 
and  mountaih  region  to  the  northwest.  The  beds  are  for  the  most  part 
unconsolidated,  succeed  one  another  in  more  or  less  regular  succession, 
range  in  age  from  Cretaceous  to  Recent,  and  in  general  have  a  dip 
eoastward  that  is  greater  than  the  slope  of  the  surface.  This  relation 
of  dip  to  surfac^e  slope  supplies  conditions  which  are  favorable  for 
artesian  water,  therefore  flowing  wells  should  be  expected  in  many 
parts  of  the  Coastal  Plain.  In  some  cases  the  leakage  and  resistance 
of  the  sands  so  reduces  the  pressure  that  the  water  will  not  flow, 
although  the  altitude  of  the  well  mouth  is  less  than  that  of  the  point 
where  the  sands  come  to  the  surface  and  where  the  water  enters;  in 
othei*s,  erosion  has  so  changed  the  surface  of  the  plain  that  the  well 
mouth,  though  south  of  the  outcrop  of  the  water-bearing  bed,  is  higher, 
and  the  water,  therefore,  will  not  flow.  In  Louisiana  and  southern 
Arkansas  the  older  beds  slope  toward  the  Mississippi  Valley  as  well 
as  toward  the  coast.  Some  of  these  older  beds  are  very  much  dis- 
turbed and  form  peculiar,  sharp  domes,  and  as  they  often  contain  salt 
water,  and  are  frequently  broken  by  the  folding,  the  salt  water  is  free 
to  pass  into  the  sands  of  the  surrounding  younger  formations.  While 
these  domes  disturb  the  conditions  in  certain  tracts,  there  are  still 
larger  areas  in  which  wells  have  found  good  water.  A  study  of  these 
well  records  and  of  the  general  structure  of  the  country  shows  that 
the  following  principal  water  horizons  are  present:  Bingen  sand, 
Nacatoch  sand,  Sabine  sands,  Catahoula  sandstone.  Pliocene  and 
Quaternary  sands  and  gravels. 

The  relation  of  these  beds  to  one  another  is  shown  in  tigs.  24  and 
25,  and  their  geologic  age  and  relation  to  adjacent  beds  are  shown  in 
the  table  following. 

oA  preliminary  statement.  A  detailed  report  on  this  area,  embodying  records  of  all  important 
wells  and  well  prospects  for  each  county  is  now  in  preparation  and  will  be  ready  for  distribution 
late  in  1906. 
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Waier-ltfariiig  txdue  of  geologic  formations  of  Louisiana  and  soxUhtm  Arkansas. 


Period  or  formation. 


Quaternary 

Pliocene 

Miocene 

Oiigocene: 

Fleming 

Catahoula . . . 

Vickfiburg  . . . 

Eocene: 

Jai^kson 

Cockfield . . . . 

Claiborne 

Sabine  ^ 

Midway 

Upper  Cretaceous 
Arkadelphia. 

Nacatoch 

Marlbrook . . . 

Annona  

Brownstown  . 
Bingen  

Lower  Cretaceous 
Paleozoic 


Maximum 
thickness. 


Water-bearing  value. 


(?) 


«2,000 

(?) 

±200 
ftl,000 

50-100 

500 
500 

500 
1,000 


^600 


150-200 


400 
-flOO 

300 
-fSOO 

^550 


Contains  gravel  and  sand  beds,  which  furnish 
the  main  supply  of  water  in  southern  Louis- 
iana. 

As  surficial  deposits  on  the  uplands  and  in  the 
valleys,  supply  much  of  the  shallow  well 
water  of  this  region. 

No  surface  outcrop,  and  hence  probably  of  no 
importance  as  a  water  horizon. 

Clays  and  marly  clays;  no  water-bearing  value. 

The  coarser  sandstone  layers  of  this  formation 
furnish  excellent  water.  Three  or  four  hori- 
zons have  been  tleveloi)ed. 

F^xposed  in  only  one  part  of  the  area  and  of 
no  importance  from  a  water  standpoint. 

Clays  and  clay  marls  with  occasional  sand  beds; 

water  generally  hard  and  seldom  developed. 
The  sandy   beds  occurring  near  the  base  of 

the  formation  are  second  in  importance  only 

to  the  Sabine. 
Clays  and  clay  marls  containing  sand  beds  of 

little  importance  as  water  horizons. 
The  sands  of  this  fonnation  are  the  important 

water  horizons  of  the  greater  part  of  northern 

Louisiana  and  adjacent  parts  of  Arkansas. 
Exposed  only  to  a  limited  extent  in  one  part  of 

the  area,  and  unimiK>rtant  as  a  water-bearer. 

Clay  beds,  which   serve  to  retain  water  in 

Washington  sands. 

One  of  the  most  extensively  developed  water 

sands  of    this    region.      Very  good  water 

near  the  outcrop,  but  brackish  in  the  embed. 

IClays,  clay  marls,  and  chalk;  ser\e  to  retain 

/     water  in  the  Bingen  sands. 


Persistent  sandy  bed,  furnishing  water  over 
a  wide  area. 

Not  known  to  contain  any  important  water- 
bearing layers  in  this  region,  though  the 
great  development  in  eastern  Texas  would 
lead  us  to  expect  some  development  here. 

Hard  rock  layer  very  much  disturbed.  Con- 
tains water,  but  its  occurrence  can  not  be 
predicted  until  the  geology  of  the  region  is 
minutely  understood.  In  general,  not  very 
good  field  for  water  wells. 


"Harris.  (J.  D.,  Organic  remains  from  the  deep  well  at  Galveston-  Fourth  Ann.  Rept.  Geol.  Surrey 
Texas,  1K93,  p.  118.     Harris.  G.  D..  Report  of  Louisiana  Geol.  Survev  for  1902.  p.  32. 

<> Based  on  dip  calculations  on  the  Sabine  River,  and  on  the  thiekness  of  these  beds  in  the  Alexan- 
dria. La.,  wells.  800 -t-  feet. 

<'Name  adopted  to  supplant  Lignitic,  taken  from  typical  fosiliferous  development  of  the  formatioD 
on  the  Sabine  River,  in  Sabine  County,  Tex.,  and  Sabme  Parish.  La. 

rfBa-sed  on  wells  south  of  Hope,  at  Arkadelphia  and  Shreveport;  may  be  in  part  Midway. 

^  Hill,  R.  T.,  The  Mesozoie geology  of  southern  Arkansas:  Ann.  Rept.  Arkansas  Geol.  Survey  for  1888, 
p.  188. 
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WATER  HORIZONS. 

Lmcer  Cretaceous. — The  lower  Cretaceous  occupies  the  wed^e-shapea 
territory  between  the  Paleozoic  rocks  and  the  Bingen  sands  (fig.  24). 
All  deep  wells  in  this  region  have  thus  far  failed  to  yield  water,  though 
the  extensive  development  of  water  sands  in  this  group  in  Texas  leads 


Fio.  24.— Deep-water  prospects  in  Louisiana  and  southern  Arkansas.    A-A,  line  of  section  shown 
In  flg.  26;  B-B,  line  of  section  shown  in  fig.  27. 

to  the  belief  that  further  attempts,  especially  in  the  western  part  of 
the  State,  will  not  be  fruitless.  The  best  water-bearing  sands  are  to 
be  expected  near  the  base  of  the  Cretaceous  or  just  above  bed  rock. 
The  depths  at  which  bed  rock  will  be  encountered  may  be  roughly 
found  by  multiplying  the  distance  in  miles  between  the  Paleozoic  out- 
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crop  and  the  point  where  the  well  is  to  be  sunk  by  the  average  rate  of 
slope  of  the  bed-rock  surface,  100  to  125  feet  per  mile. 

•  Bingen  sand,^ — ^The  Bingen  sand  comes  to  the  surface  along  and  south 
of  the  line  shown  in  figs.  24  and  25.  Along  this  line  shallow  wells  are, 
therefore,  the  rule,  but  as  the  sand  dips  at  a  rate  of  50  to  75  feet  per 


AreM  of  flowiiic  w«lli  (nun 


Ar0*«  of  fiowlugwellt  froBB 

NftcatochtandcN) 


Areai  of  flowiug -wells  (ram 
the  Sabine  depotlUC) 


Areaa  o(  flowiuf  welli  (rom 
the  Calahoula  formatiou(O) 


Areas  of  flowing  wellt  (rom 
kbc  Pliorene  and  Quaternary 

fravelaiP) 
•  Plowing  wells  yielding 

potable  water 
o  Plowing  wells  yielding 

impotable  water 
C  Wells  iu  the  Cretaceous 


Fig.  '25.— Artesiau  areas  in  LouiBiana  and  southern  Arkansas. 

mile  in  a  southeasterly  direction,  the  wells  get  deeper  to  the  south, 
and  reach  an  extreme  depth  of  784  feet  near  Columbus,  a  little  north 
of  the  outcrop  of  the  Nacatoch  sand.  Some  failures  have  been 
reported  in  the  lower  part  of  this  territory,  notably  at  Columbus  and 

«  Name  used  by  Hill  for  beds  which  he  doubtfully  referred  to  the  Eocene.  These,  with  the  excep- 
tion of  a  single  Nacatoch  outcrop  which  was  incorrectly  included  In  this  series,  are  now  known  to 
pass  beneath  the  Brownstown  and  to  represent  the  littoral  beds  of  the  basal  upper  Cretaceous. 
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Washington,  but  they  were  due  to  the  fact  that  the  wells  were  aban- 
doned before  the  required  depth  had  been  reached. 
The  greatest  development  has  naturally  been  in 
the  region  where  flowing  water  can  be  obtained 
(fig.  25).  The  maximum  depth  to  which  wells  will 
be  driven  in  this  region  will  probably  not  exceed 
9(X)  feet,  as  before  this  depth  will  become  neces- 
sary the  Nacatoch  sands  will  appear  on  the  surface, 
making  good  shallow  wells  possible. 

The  water  is  very  soft  and  somewhat  alkaline, 
except  in  wells  which  do  not  flow  and  have  only 
been  partially  cased,  and  in  which  the  water  there- 
fore stands  in  contact  with  the  overlying  calcare- 
ous clays.  Hard  water  has  been  found  in  a  few 
wells,  as  at  Hudson  and  near  Burtsell,  but  in  these 
it  seems  to  occur  in  the  calcareous  beds  which 
overlie  the  Bingen  sands,  and  the  indications  are 
that  if  the  wells  had  been  deepened  200  or  300 
feet  they  would  have  reached  the  Bingen  and 
obtained  soft  water. 

Nacatoch  sand^. — This  sand,  like  the  Bingen, 
is  of  very  great  value  to  a  large  section  in  south- 
ern Arkansas,  where  it  is  practically  the  only 
available  source  of  well  water.  In  areas  under- 
lain by  the  Bingen  and  Nacatoch  sands  the  sur- 
face formations  are  rich,  calcareous  clays,  with 
here  and  there  thin  coatings  of  younger  gravel, 
and  the  surface  water  is  generally  hard  and 
very  unsatisfactory.  Persistent  water-bearing 
horizons,  which  are  so  well  understood  that  the 
depth  to  water  can  be  predicted  at  any  point 
and  which  will  furnish  soft  artesian  water  over 
wide  areas,  can  not  fail  to  have  a  great  effect  on 
the  development  and  land  values  of  the  regions 
which  they  underlie. 

The  Nacatoch  sand  has  been  extensively  de-  b, 

veloped  along  the  line  of  the  Iron  Mountain 
Railroad  from  west  of  Red  River  almost  to  Arka- 
dolphia  (fig.  24).  It  dips  southeastward  at  a  rate 
of  from  50  to  1(X)  feet  per  mile  until  it  reaches  a 
point  about  800  feet  below  sea  level,  when  it 
abruptly  becomes  horizontal  and  continues  so  to 
a  point  somewhat  south  of  Shreveport,  where  it  again  slopes  normally 

a  Name  taken  from  typical  expr«?ure  at  Nacatoch  Bluff  on  Little  Missouri  River  in  Clark  County.  This 
formation  includes  the  sand  beds  between  the  Marlbrook  and  Arkadelphia  which  Hill  included  in  his 
Washington  or  High  Bluff  greensands  (Ajin.  Kept.  Arkansas  Qeol.  Survey  for  1888,  vol.  2,  1888,  pp. 
72-76. 188). 
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coastward  (fig.  26).  This  extensive  horizontal  development  would 
make  this  sand  of  great  value  over  wide  areas  were  it  not  for  the 
fact  that  south  of  a  line  which  runs  ir- 
regularly from  3  to  15  miles  from  the 
outcrop  the  water  is  salty.  Seemingly 
that  portion  of  the  sand  near  the  outcrop 
has  been  thoroughly  washed  by  percolat- 
ing waters,  while  that  less  favorably  situ- 
ated is  in  its  original  salty  condition,  and 
the  saltiness  may  even  have  been  increased 
by  matter  washed  down  from  the  upper 
layers.  Developments  at  Texarkana,  Jef- 
ferson, Shreveport,  and  Frierson  have 
yielded  impotable  water,  which  at  the  last 
three  places  is  artesian,  indicating  an  arte- 
sian basin  covering  a  considerable  part  of 
the  Eled  River  Valley  (fig.  25).  The  brine 
which  occurs  in  some  of  the  Cretaceous 
uplifts  in  northern  Louisiana  is  likewise 
from  this  horizon.  In  general,  it  is  felt 
that  that  portion  of  the  sand  which  lies 
south  of  the  area  shown  in  fig.  24  will  not 
furnish  potable  water. 

Sahine  group, — Under  this  head  is 
classed  not  a  single  well-defined  horizon 
like  the  Nacatoch,  or  Bingen,  or  other 
Cretaceous  beds,  but  a  number  of  some- 
what irregular  water  sands  occurring 
throughout  a  formation  which,  in  the 
western  part  of  this  area  attains  a  thick- 
ness of  perhaps  1,000  feet.  The  lowest 
of  these  sands  occurs  about  700  feet  above 
the  Nacatoch,  and  like  it,  is  very  nearly 
horizontal  over  a  considerable  area  (figs. 
26,  27).  Eastward  and  southward  this  bed 
dips  gently  toward  the  Mississippi  Valley 
and  the  coast. 

Other  sand  beds  occur  in  the  formation 
above  this  one,  at  varying  distances  from 
each  other,  and  of  varying  thickness. 
Nine  have  been  developed  at  Plymouth, 
La.,  and  six  at  Ruston.  These  beds  thin 
and  thicken  very  rapidly,  so  that  in  one 
well  a  sand  may  be  developed  which  in  a  nearby  well  is  too  thin  to 
give  results.     Wells,  then,  show  considerable  irregularity  in  depth. 


Crowley 
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some  wells  developing  one  bed  and  some  another;  but  in  general  the 
wells  are  deeper  to  the  south  and  toward  the  Mississippi  Valley,  as 
in  each  case  the  dip  carries  the  sands  beneath  younger  beds,  and  it 
becomes  necessary  to  pass  through  a  certain  thickness  of  overlying 
deposits  even  to  reach  the  topmost  water  sands  of  this  series. 

The  failures  in  the  southern  part  of  the  territory,  near  Natchitoches 
and  Luella,  La.,  are  due  to  the  occurrence  of  salt  water,  which  is 
doubtless  traceable,  in  part,  to  the  neighboring  uplifts  of  the  older 
Cretaceous  beds.  These  beds  generally  carry  artesian  brines,  and  as 
they  are  often  broken  the  brine  leaks  into  the  surrounding  Sabine 
siEinds.  In  the  region  of  these  domes  it  is  often  possible  to  predict  the 
position  of  a  sand,  but  it  is  quite  impossible  to  indicate  the  kind  of 
water  it  will  contain.  It  is  believed  that  the  sands  which  furnish 
brine  at  Luella  and  Natchitoches  are  a  continuation  of  the  sands 
which  yield  good  water  about  Shreveport. 

Cockfield  beds, — Overlying  the  Sabine  are  the  fossiliferous  Claiborne 
beds,  which  have  little  water-bearing  value.  Above  the  fossiliferous 
Claiborne  are  the  Cockfield  beds,  which  contain  near  their  base  an 
important  water-bearing  horizon.  In  central  Louisiana  the  deeper 
wells  which  penetrate  this  horizon,  as  those  at  Leland,  Rochelle,  011a, 
TuUos,  and  Colfax,  obtain  impotable  water,  though  an  exception  is  to 
be  noted  in  the  case  of  the  deep  well  at  Robinsons  Ferry  on  Sabine 
River,  in  which  a  soft,  pleasant- tasting  water  is  reported  at  a  depth  of 
1 ,010  to  1,030  feet.  Near  the  outcrop  successful  wells  have  been  finished 
at  Clarks  in  Catahoula  Parish,  and  at  Weavers  Spur  in  Natchitoches 
Parish. 

In  southeastern  Arkansas  and  northwestern  Mississippi  this  horizon 
is  very  extensively  developed  and  furnishes  good  supplies  of  soft 
alkaline  water  at  depths  of  400  to  500  feet  below  sea  level."  Between  it 
and  the  base  of  the  Jackson  in  this  region  a  number  of  water  sands 
have  been  developed  in  different  wells,  but  they  show  little  regularity 
and  the  better  wells  have,  almost  without  exception,  been  finished  in 
the  main  horizon. 

The  outcrops  of  the  Cockfield  sands  in  Arkansas  and  Louisiana  are 
all  relatively  low,  and  the  water  will  generally  not  rise  nmch  above 
KK)  feet  above  sea  level.  Flowing  wells  will  be  obtained  along  the 
main  stream  channels  in  central  Louisiana.  In  Arkansas  and  north- 
western Mississippi  the  artesian  area  is  near  the  eastern  side  of  the 
flood  plain  where  a  relatively  higher  head  is  developed,  because  of  the 
jrreater  average  height  of  the  Mississippi  hill  lands.  Water  will  rise 
very  near  the  surface  over  all  the  flood  plain,  but  in  Arkansas  it  is 
regarded  as  quite  impossible  that  flowing  wells  will  be  obtained. 

«The  wells  In  Chicot.  Drew,  Bradley,  Cleveland,  and  Jefferaon  counties,  except  the  deep  ones  at 
Pine  BInff,  which  are  incorrectly  marked  S  in  fig.  23,  should  be  credited  to  this  horizon. 
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Jackson  beds. — Beds  of  this  age  generally  furnish  hard  water,  and 
are  therefore  not  extensively  developed. 

Catahml^i  heds.^ — The  sands  and  sandstone  of  this  formation  are 
good  water  carriers,  and  have  yielded  excellent  results  in  central  Lou- 
isiana, where  they  furnish  flowing  wells  at  Zimmerman,  Boyce,  Alex- 
andria, Pollock,  and  Harrisonburg.  Several  horizons  have  been  devel- 
oped which  furnish  soft  water  of  a  very  good  quality,  and  it  is  prob- 
able that  over  a  considerable  area  along  Ouachita  and  Black  rivers  and 
about  Catahoula  Lake  and  Little  River  (fig.  25)  flowing  water  is  to  be 
expected  from  these  sands.  Flowing  wells  will  doubtless  be  obtained 
in  Sabine  River  Valley  below  the  outcrop  of  the  Catahoula,  as  indi- 
cated by  the  water  obtained  from  these  beds  on  the  Angelina  near 
Rockland,  Tex. ;  but  in  the  high  hill  region  about  Leesville  the  wells 
will  probably  be  very  deep,  and  the  water  will  have  to  be  pumped 
some  distance. 

Pliocene  and  Quaternary  gravels, — These  sands  and  gravels  underlie 
a  large  portion  of  southern  Louisiana,  and  should  doubtless  be  regarded 
as  the  most  important  water  horizon  in  the  State.  The  outcrops  on 
the  hill  lands  are  large,  and  therefore  the  amount  of  rainwater  passing 
into  them  is  great.  Covered  with  the  more  recent  coastal  clays,  they 
furnish  artesian  water  over  considerable  areas  (fig.  24),  and  over  still 
larger  areas  (fig.  25)  the  water  rises  so  near  the  surface  that  it  is  readily 
available  for  irrigation  and  other  uses.  In  the  Mississippi  bottoms, 
and  sometimes  toward  the  coast,  the  water  in  these  beds  is  generally 
so  charged  with  various  soluble  salts  that  it  is  of  little  value.  Under 
the  main  river  valleys  in  northern  Louisiana  and  southern  Arkansas 
there  are  thick  deposits  of  sand  and  gravel  partially  filling  the  old  val- 
leys. In  this,  limited  supplies  can  be  obtained  from  driven  wells  of 
no  great  depth,  but  when  large  supplies  are  needed  wells  should  be 
pushed  to  the  main  gravel  bed,  which  overlies  the  older  Cretaceous  and 
Tertiary  strata.  This  can  be  reached  at  depths  ranging  from  75  to  150 
feet. 

MINERAIi  SPRINGS. 

Although  there  are  many  smatl  springs  scattered  throughout  Lou- 
isiana, only  three  reported  sales  for  1902.     These  were  as  follows: 

Abita  Springs,  Abita  Springs,  St.  Tammany  Parish. 
Mandeville  Springs,  St.  Tammany  Parish. 
Ozone  Springs,  Pearl  River,  St.  Tammany  Parish. 

The  total  output  was  499,261  gallons,  with  a  value  of  $43,502.* 


a  Name  proposed  from  typical  development  of  formation  in  Catahoula  Parish,  La.,  used  for  the 
lower  or  typical  Grand  Gulf  of  Hllgrard  as  exposed  at  Grand  Gulf.  Miss.  This  formation  includes  the 
windstone-bearing  clays  between  the  Vicksburg  and  Fleming  Oligocene. 

^  A.  C.  Peale,  U.  6.  Geol.  Survey,  Mineral  Waters.  1902. 
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By  A.  H.  PuEDUE. 


DESCRIPTION  OF  THE  REGION. 

That  part  of  Arkansas  lying  north  of  Arkansas  River  comprises 
a  little  more  than  half  of  the  area  of  the  State,  or  about  28,700 
square  miles.  Topographically  it  is  divided  into  two  well-defined 
areas — the  eastern  or  lowland  area  and  the  western  or  highland  area. 
The  average  elevation  of  the  lowland  area  will  probably  not  exceed 
225  feet  above  sea  level.  The  even,  monotonous  character  of  the  sur- 
face is  disturbed  only  by  Crowleys  Ridge,  which  extends  northward 
from  Mississippi  River  at  Helena  to  St.  Francis  River  at  St  Francis, 
and  into  Missouri.  This  ridge  is  from  1  to  14  miles  wide,  and  in  its 
highest  part  is  about  400  feet  above  sea  level,  or  180  feet  above  the 
adjacent  lowlands. 

The  highlands  are  a  part  of  the  Ozark  region  and  vary  in  altitude 
from  less  than  500  to  2,250  feet  above  sea  level.  They  are  divided  into 
two  pails,  a  northern  and  a  southern,  each  of  which  is  a  plateau,  much 
dissected  by  streams.  The  southern  of  these  is  the  higher,  and  is 
known  as  the  Boston  Mountains.  These  mountains  are  highest  in  the 
western  part  of  the  State  and  gradually  fall  eastward,  the  elevation 
south  of  Batesville  being  800  feet  (aneroid).  The  Boston  Mountains 
are  separated  from  the  lower  plateau  to  the  north  by  a  more  or  less 
l>old  and  irregular  escarpment,  the  height  of  which  varies  from  500  to 
1,000  feet.  Figs.  28  and  29  supplement  this  description  and  aid  in 
giving  a  general  idea  of  the  topography  of  the  region. 

RESOURCES. 

Resources  of  the  highlands. — ^The  main  resources  of  the  highlands  are 
its  soil,  timber,  mineral  deposits,  and  water  supplies.  While  the  really 
rich  soil  of  this  part  of  the  State  is  confined  mainly  to  the  narrow  flood 
plains  of  the  valleys,  much  of  the  remainder  yields  fair  returns,  and 
practically  all  of  it  is  well  adapted  to  horticulture.  All  fruits  suited 
to  this  latitude  flourish.  The  high  altitude,  to  which  the  healthful, 
genial  climate  is  largely  attributable,  and  the  universal  abundance  of 
pure  water  have  combined  to  make  it  a  favorable  place  for  settlement 
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since  the  early  days  of  exploration.  The  rough  topography  has  until 
recently  prevented  the  extensive  construction  of  railroads.  At  the 
present  time,  however,  two  important  lines  are  being  built  and  are  in 
actual  operation  over  a  considerable  part  of  their  routes.  The  region 
contains  large  areas  of  practically  undisturbed  timber,  fine  in  quality. 
In  the  northern  part  is  a  large  area  containing  deposits  of  zinc  ores. 
A  thin  vein  of  coal  covers  a  portion  of  the  central  part  of  the  region, 
and  along  the  Arkansas  Valley  is  an  abundance  of  coal,  which  is  being 
worked  at  many  points.  Among  other  mineral  deposits  are  phos- 
phate, manganese,  building  stones,  and  clays  in  great  varieties. 


Pia.  28.— Relief  map  of  Arkansas. 

Resources  oftJie  Imdnnds. — The  wealth  of  the  lowland  region  is  in 
its  soil,  timber,  and  waters.  Much  of  the  soil  is  of  unusual  fertility. 
While  a  grieat  deal  of  the  timber  has  been  removed  yi  recent  j^ears,  a 
large  amount  still  remains.  As  a  rule,  the  population  is  densest  along 
the  river  valleys,  where  the  soil  is  richest,  and  where  transportation 
was  most  easily  secured  in  the  early  settlement  of  the  State.  Along 
Crowleys  Ridge  the  principal  towns  are  Helena,  Mananna,  Forrest 
City,  Harrisburg,  Jonesboro,  and  Paragould.  The  narrow  strip  of 
land  along  Arkansas  River  extending  beyond  the  western  border  of 
the  State  is  covered  with  flood-plain  deposits,  and  should  be  considered 
a  part  of  the  lowlands. 
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Geohxjy  of  the  plateau  region. — ^The  rocks  of  the  plateau  ref^ion  are 
of  Paleozoic  a^e,  and  include  the  Ordovician,  Silurian,  Devonian,  and 
Carboniferous.  Ordovician  rocks  are  ex- 
posed over  a  large  area  in  the  northeastern 
part  of  the  division  and  farther  west  in 
Carroll  County.  They  also  occur  along 
many  of  the  stream  valleys  outside  these 
areas.  The  rocks  are  of  great  thickness, 
and  consist  mainly  of  magnesian  limestone, 
though  there  are  a  few  l>eds  of  sandstone 
and  shale. 

The  Silurian  and  Devonian  rocks  are 
exposed  along  the  steep  hillsides  border- 
ing the  valleys.  The  Silurian  consists  of  a 
limestone  known  as  the  St.  Clair  lime- 
stone," and  the  Devonian  of  sandstone  and 
shale  known,  respectively,  as  the  Sylamore 
sandstone  and  the  Eureka  shale. 

The Mississippian  ("Lower Carbonifer- 
ous") covers  most  of  the  northern  division 
of  the  plateau  area  not  occupied  by  the 
Ordovician,  and  consists  of  the  Moorefield 
shale,  the  Boone  chert,  the  Batesville 
sandstone,  the  Fay(?tteville  shale,  the 
Archimedes  limestone,  and  probably  some  g  | 
sandstone  and  shale  above  the  last-named  |  2 
formation.  The  southern  part  of  the  high-  I  i? 
land  area  is  occupied  mainly  by  rocks  of 
Pennsylvanian  ("  Upper  Carboniferous") 
age,  consisting  of  some  limestone  and  a 
heAvy  deposit  of  sandstone  and  shale. 
The  rocks  are  practically  horizontal  over 
the  northern  division  of  the  plateau 
region,  but  from  the  Boston  Mountains 
southward  they  fall  off  by  monoclines 
and  faults  to  the  Arkansas  River  Valley. 
The  structure  of  the  southern  part  is  not 
sufficiently  well  known  to  be  shown  in  the 
section. 

Geology  of  the  lowHaiuh, — With  the 
exception  of  a  sheet  of  alluvium  over  a   ;-  rp  u-  jj„, 

large  part  of   the   lowland   area  the   surface   rocks  of   that  region 
are  of  Tertiary  age.     They  consist  almost  entirely  of  unindurated  sand 
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a  The  geologic  nomenclature  heroin  iistnl  is  tlmt  iiseil  by  the  late  geological  survey  of  Arkansas. 
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and  clay,  the  sand  greatly  predominating.  The  thickness  of  this 
surface  deposit  increases  rapidly  from  the  highland  border  eastward. 
At  Newport,  according  to  the  record  of  a  deep  well  near  that  city,  on 
a  farm  owned  by  Mr.  W.  B,  Chastain,  it  is  655  feet,  that  being  the 
distance  below  the  surface  at  which  the  Paleozoic  rdck  was  encountered. 
East  of  this  point  the  thickness  is  not  known. 

WATER  RESOURCES. 

There  are  two  natural  divisions  of  the  area  under  consideration  which 
can  be  made  on  the  basis  of  their  water  supplies — the  Paleozoic  and 
the  Tertiary. 

PALEOZOIC    REGION. 

The  horizontal  position  and  diversified  character  of  the  rock  over 
the  northern  part  of  this  region  make  the  hydrologic  areas  confonn 
to  the  areas  over  which  water-bearing  rocks  are  exposed  or  to  their 
lines  of  outcrop.  A  detailed  geologic  map  of  the  region  would  at  the 
same  time  l>e  a  hydrologic  map.  Some  of  the  water-bearing  strnta 
are  exposed  over  large  areas,  others  outcrop  in  practically  horizontal 
planas  along  the  hillsides.  As  it  is  not  possible  to  present  herewith 
a  detailed  geologic  map,  the  hydrology  of  the  Paleozoic  region  will 
he  discussed  under  the  following  heads,  which  are  somewhat  arl)itra- 
rily  chosen:  The  Ordovician  area,  the  Boone  chert  area,  and  the  Bos- 
ton Mountain  area. 

THE  ORDOVICIAN  AREA, 

This  occupies  that  part  of  the  region  under  consideration  over  which 
the  Ordovician  rocks  are  exposed  at  the  surface.  As  previously  stated, 
these  rocks  consist  mainly  of  magnesium  limestone.  From  these 
rocks,  where  they  are  cut  into  by  streams,  emerge  numerous  strong 
springs.  Among  these  is  Mammoth  Springs,  in  Fulton  County,  which 
is  said  to  discharge  9,000  barrels  of  water  per  minute.^  As  would  be 
expected,  the  water  of  this  region  is  hard,  owing  to  the  presence  of 
the  salts  of  calcium  and  magnesium  in  solution.  The  rocks  are  com- 
pact, and  as  a  result  the  water  can  move  only  through  joints  and  other 
fissures.  For  this  reason  the  wells  secure  water  only  in  case  they  strike 
a  fissure.  Some  wells  furnish  an  abundance  of  water,  others,  failing 
to  strike  fissures,  are  dry.  The  uncertainty  of  finding  water  in  wells 
and  the  hard  nature  of  the  water  have  caused  frequent  resort  to 
cisterns. 

The  most  common  method  of  sinking  wells  is  by  blasting  out  the 
rocks,  but  drilling  is  sometimes  resorted  to.     So  far  as  the  chances  of 


a  Rept.  Qeol.  Survey  Arkansas,  1891,  vol.  1,  p.  66. 
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striking  a  fissure  are  increased  by  an  increase  of  the  well  diameter, 
blasting  is  the  most  promising  method.  On  the  other  hand,  the  chances 
for  striking  a  fissure  are  greater  in  a  deep  well  than  in  a  shallow  one, 
and  as  the  cost  of  drilling  a  deep  well  is  less  than  that  of  blasting,  the 
former  method  is  advisable  in  most  cases.  Especially  is  this  true  when 
the  sanitary  advantage  of  a  well-cased  drilled  well  over  an  open  one  is 
takeh  into  consideration. 

THE  BOONE  CHERT  AREA. 

The  charactei ,  thickness,  and  wide  outcrop  of  the  Boone  chert  make 
it  the  most  important  water  horizon  in  northern  Arkansas.  It  is 
composed  of  limestone  and  numerous  lenses  of  much-fractured  chert. 
Beneath  the  Boone  chert  is  a  limestone  from  25  to  50  feet  thick,  known 
as  the  St.  Joe  marble,  but  for  hydrologic  purposes  the  two  may  be 
considered  together.  Where  not  removed  by  denudation  the  Boone 
chert  usually  exceeds  300  feet  in  thickness.  It  is  exposed  over  an  area 
of  about  3,600  square  miles.  Solution  has  removed  the  limestone  from 
the  upper  part  of  the  formation,  but  the  chert,  being  insoluble,  is  left 
as  a  residue  on  the  surface,  in  many  places  several  inches  thick.  In 
such  places  this  chert  debris  largely  reduces  the  run-off  from  the  min- 
fall,  and  by  so  much  adds  to  the  amount  of  water  that  entei*s  the 
ground.  The  water  descends  through  the  joints  in  the  limestone  and 
is  transmitted  horizontally  through  the  fractures  in  the  chert  lenses. 
Beneath  the  St  Joe  marble  over  a  considerable  portion  of  the  area  is 
the  Eureka  shale,  which,  being  impervious,  holds  the  water  in  the 
overlying  limestone  and  chert.  Along  lines  where  streams  have  cut 
their  valleys  down  to  or  beyond  this  bed  of  shale,  springs  with  a  copious 
flow  of  the  best  water  are  very  numerous.  Most  of  the  famous  springs 
at  Eureka  Springs  emerge  from  this  horizon. 

In  the  western  part  of  the  State,  over  the  Boone  chert  area,  the 
divides  between  the  streams  are  often  flat,  and  in  such  cases  water  is 
easily  secured  by  sinking  wells  a  few  feet,  but  in  the  eastern  part, 
where  the  streams  have  cut  far  down  into  the  Ordovician  rocks  and 
have  left  the  Boone  chert  on  the  high  divides  between  them,  water  is 
frequently  below  the  level  to  which  wells  can  be  sunk  by  digging 
and  blasting,  the  method  usually  employed.  On  account  of  the  con- 
siderable depth  of  the  water  beneath  these  high  divides  the  drill 
should  be  employed.  By  this  method  water  could  be  obtained  in  most 
cases. 

The  water  from  the  Boone  chert,  while  hard,  contains  a  smaller 
amount  of  matter  in  solution  than  might  be  expected,^ owing  to  the 
fact  that  so  much  of  the  fonnation  is  siliceous,  and  consequently 
insoluble. 
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There  are  several  water-bearing  horizons  in  what  is  here  designated 
as  the  Boston  Mountain  area.  Named  in  their  order,  beginning  with 
the  lowest,  the  most  important  are:  The 
Batesville  sandstone,  the  Archimedes  lime- 
stone, and  the  Pentremital  limestone. 

Batesville  sandstone. — The  Itetesville 
sandstone  is  usually  brown,  and  consists  of 
medium-sized  grains.  It  is  commonly  in 
layei-s  from  2  inches  to  1  foot  thick,  but  in 
some  places  the  beds  are  more  massive.  In 
the  eastern  part  of  the  Paleozoic  area  it  ex- 
ceeds 100  feet  in  thickness,  but  gradually 
thins  out  in  the  western  part  of  the  State, 
where  in  places  it  is  altogether  wanting.  In 
the  eastern  part  of  the  region  it  lies  upon  the 
Moorefield  shale,  but  in  the  western  part  of 
the  State  this  shale  is  absent,  and  the  Bates- 
ville rests  directly  upon  the  Boone  chert. 
Where  near  the  surface  and  of  considerable 
thickness,  it  forms  an  important  water  hori- 
zon, as  about  Green  Forest,  Carroll  County, 
and  at  Batesville,  Independence  County.  In 
both  of  these  localities  it  furnishes  excellent 
well  water.  At  Batesville  it  was  the  chief 
source  of  water  until  waterworks  were  in- 
stalled. As  would  be  expected,  the  water 
from  this  horizon  is  soft. 

ArcJiimedei^  Um^Htone, — The  Archimedes 
limestone  is  a  persistent  formation,  outcrop- 
ping in  an  east-west  direction  across  the 
Paleozoic  area  of  the  State,  near  the  north 
]>ase  of  the  Boston  Mountains.  (See  tig. 
29.)  In  the  eastern  part  of  the  region  its 
thickness  is  100  feet,  but  in  the  central  and 
western  parts  it  seldom  exceeds  one-fifth 
this  amount.  It  is  a  compact  limestone, 
composed  largely  of  fossil  remains.  In 
places  it  contains  lenses  of  chert,  though 
these  are  not  common.  In  the  eastern  and 
central  parts  of  the  area  it  rests  upon  the 
Fayetteville  shale,  a  thick  and  impervious 
formation.  In  the  western  part  of  the  State 
it  is  separated  from  the  Fayetteville  shale  by 
the  Wedington  sandstone,  wiiich  also  contains  some  shale. 
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The  massive  nature  of  this  limestone,  which  usually  rests  upon  a  bed 
of  shale,  causes  it  to  form  a  conspicuous  escarpment,  from  the  base  of 
which  strong  springs  issue  at  frequent  intervals.  Below  the  escarp- 
ment, and  upon  the  Fayetteville  shale,  is  a  bench  from  100  yards  to  a 
quarter  of  a  mile  in  width  and  of  great  fertility. 

PenireinUal  /!/nesto?ie,— Above  the  Archimedes  limestone  (see  fig.  29), 
and  separated  from  it  by  a  greater  or  less  thickne^ssof  the  ''Washing- 
ton" sjmdstone  and  shale,  is  the  Pentremital  limestone,  which  is  also 
an  important  spring  horizon,  and  which,  like  the  one  below  it,  is  nearly 
eveiy where  productive  along  the  north  slope  of  the  Boston  Mountains. 
The  water  from  both  the  last-named  horizons  is  hard.  Like  most 
limestones,  their  texture  is  so  compact  that  search  for  water  in  wells 
is  not  advisable. 

The  rocks  at  the  tops  of  the  Boston  Mountains  and  of  their  outliers 
to  the  north  are  sandstone  and  shale.  The  sandstone  varies  in  texture 
from  medium-grained,  to  coarse  millstone  grit.  The  porosity  of  the 
sandstone  permits  it  to  al>sorb  a  great  deal  of  the  rainfall,  which  is 
kept  from  sinking  as  underground  water  by  the  underlying  imper- 
vious shale.  As  a  consequence,  the  sandstones  become  important 
water-bearing  strata,  especially  over  the  high,  flat-topped  table-lands 
between  the  heads  of  the  mountain  ravines.  On  these  table-landiji, 
water  is  easily  secured  from  open  wells.  Springs  frequently  occur  on 
the  hill  slopes,  though  they  are  neither  so  strong  nor  so  numerous  as 
along  the  Archimedes  and  Pentremital  limestone  horizons.  Such 
springs  are  found  over  the  large  area  covered  by  the  Boston  Mountains. 

ARTESIAN   CONDITIONS  IN   THE   PALEOZOIC  AREA. 

In  the  lower  plateau  area  the  horizontal  position  of  the  strata  pre 
eludes  the  possibility  of  obtaining  flowing  wells,  unless  it  be  in  local 
and  limited  areas,  but  near  the  north  base  of  the  Boston  Mountains, 
in  places  where  the  rocks  dip  to  the  south,  there  may  be  small  areas 
where  flowing  wells  could  be  secured,  the  Boone  chert  being  the  source 
of  the  water. 

An  inspection  of  fig.  29  will  at  once  suggest  the  possibility  of  secur- 
ing artesian  water  along  the  Arkansas  Valley.  The  Boone  chert,  which 
is  widely  distributed  over  the  northern  part  of  the  State,  and  forms  an 
excellent  collecting  area  and  through  which  the  underground  water  is 
readily  transmitted,  dips  south  with  the  rocks  of  the  Boston  Moun- 
tains. Though  the  southward  extent  of  this  formation  is  not  known, 
its  thickness  of  more  than  300  feet  north  of  the  Boston  Mountains  is 
good  reason  for  supposing  that  it  reaches  beyond  the  Arkansas  Valley. 
Over  the  collecting  area  its  height  is  from  500  to  1,000  feet  above  the 
land  along  Arkansas  River.  Over  it  lie  the  heavy  deposits  of  Moore- 
field  shale  and  Fayetteville  shale.  All  the  conditions  are  favorable  to 
this  formation,  being  the  source  of  an  abundance  of  artesian  water  in 
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the  ArkansaH  Valley,  provided  there  are  not  many  faults  with  an  ea^t- 
west  strike  between  the  Arkansas  Valley  and  the  catchment  area. 
But  it  is  known  that  faulting  of  the  nature  mentioned  occurs  here,  and 
it  is  not  improlmble  that  it  is  sufficient  to  entirely  cut  off  the  southern 
flow  of  the  water,  thus  destroying  what  would  otherwise  be  excellent 
artesian  conditions. 

TERTIARY  REGION. 

The  underground  water  of  the  lowland  or  Tertiary  area  has  its  source 
largely,  probably  mainly,  in  the  rainfall  of  the  region.  The  level  sur- 
face holds  the  run-off  in  check,  and  sandy  deposits  take  up  a  large 
amount  of  rain  water,  which  is  readily  transmitted  to  all  parts  of  its 
mass.  Another  source  of  water,  unquestionably  of  great  importance, 
is  found  in  the  streams  which  flow  from  the  plateau  region  over  the 
lowlands.  When  these  streams  are  at  low-water  stage,  the  under- 
ground water  moves  slowly  toward  them  from  either  direction.  But 
when  they  are  at  flood  stage,  there  is  a  large  amount  of  leakage  through 
the  Imnks  and  into  the  loose,  sandy  material,  for  considerable  distances 
in  either  direction  away  from  the  streams.  The  amount  of  under- 
ground water  thus  supplied  to  the  lowlands  from  the  Arkansas  River, 
Little  Red  River,  White  River,  Black  River,  and  their  tributaries,  is 
problematical,  but  considerable.  Another  source  of  the  underground 
water  of  this  region  is  in  the  truncated  edges  of  the  Paleozoic  rocks, 
t>eneath  the  younger  deposits. 

Owing  to  the  low  altitude,  the  uniformly  level  surface,  and  unindu- 
rated  condition  of  the  sediments,  mainly  sand,  over  the  Tertiary  area, 
an  abundance  of  water  can  be  secured  almost  anywhere  by  the  expend- 
iture of  the  small  sum  necessary  to  purchase  from  10  to  40  feet  of  iron 
pij>e,  a  point,  a  pump,  and  the  few  hours  labor  necessary  to  drive  a 
well.  The  pump  is  usually  of  the  kind  known  as  the  "pitcher  pump," 
and  the  pipe  is  usually  one  and  a  quarter  inches  in  diameter,  sometimes 
common  iron,  sometimes  galvanized.  Because  of  the  interlocking  beds 
of  sand  and  clay  that  in  many  places  constitute  the  sediments  near  the 
surface,  the  depth  at  which  water  can  be  secured  is  uncertain,  but  it  is 
seldom  more  than  40  feet.  The  water  is  most  commonly  raised  by 
hand,  though  windmills  are  sometimes  employed. 

Formerly  dug  wells  were  the  only  source  of  water,  and  some  of 
these  are  still  in  use,  but  they  are  i-apidly  being  succeede<l  by  driven 
wells.  Bored  wells  are  common  in  some  localities.  In  a  few  instances 
these  bored  wells  are  c^ised  with  tile,  carefully  cemented  at  the  joints 
to  keep  out  the  surface  water,  but  wood  is  commonly  employed  for 
casing,  a  custom  to  l^e  deprecated,  as  the  decaying  wood  not  only 
renders  the  water  insanitary  but  permits  the  surface  water  to  enter 
the  well.  Water  for  cities  and  ice  plants  is  secured  from  bored  wells 
100  feet  or  more  in  depth. 
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The  amount  of  water  that  can  be  supplied  by  almost  any  well  is 
limited  only  by  tlie  capacity  of  the  pipe.  In  cases  where  a  large 
amount  is  needed,  as  for  boilers  of  large  capacity,  either  a  pipe  of 
sufficient  diameter  is  used  or  the  number  of  wells  is  increased  till  the 
desired  amount  of  water  is  secured.  As  a  rule,  the  water  is  fairly 
well  suited  for  boiler  use,  but  in  some  cases  it  forms  a  troublesome 
scale,  produced  by  the  combined  deposit  of  the  mineral  matter  in 
solution  and  the  fine  material  in  suspension. 

The  character  of  the  water  varies  greatly  both  with  depth  and  hori- 
zontal distance.  As  regards  the  depth  to  which  wells  should  be 
extended,  no  rule  can  be  laid  down  except  the  general  one  that  the 
deeper  the  well  the  better  the  water.  This,  however,  is  not  by  any 
means  always  true,  for  shallow  wells  often  furnish  better  water  than 
near-by  deeper  ones,  as  where  the  shallow  wells  are  wholly  in  a  sur- 
ficial  deposit  of  sand,  while  the  deeper  ones  pass  into  mud,  which 
contains  a  great  deal  of  organic  matter  and  salts  of  iron  in  solution. 
Frequently  two  wells  of  the  same  depth  and  only  a  few  rods  apart 
furnish  water  of  an  entirely  different  character.  That  of  one  may  be 
of  good  quality,  while  that  of  the  other  is  wholly  impotable.  This  is 
because  near  the  surface  there  are  horizontal  variations  in  the  charac- 
ter of  the  material,  there  being  frequently  intercalated  deposits  of 
mud  containing  a  great  deal  of  organic  matter. 

ARTESIAN   CONDITIONS  IN   THE   TERTIARY  AREA. 

The  very  small  difference  in  altitude  between  the  highest  and  lowest 
parts  of  this  area  would  seem  to  preclude  the  possibility  of  securing 
artesian  water  in  the  Tertiary  area,  even  though  all  the  other  condi- 
tions were  favorable.  In  this  area  a  well  would  probably  have  to 
pass  through  the  Tertiary  and  into  the  Paleozoic  rocks  below.  While 
the  securing  of  artesian  water  from  the  Paleozoic  horizon  appears  to  l>o 
possible,  the  chances  are  against  success.  The  southward  dip  of  the 
Paleozoic  rocks  would  bring  these  beds,  if  continuous,  under  the  Ter- 
tiary deposits,  in  which  case  the  chances  of  securing  artesian  water 
from  them  would  be  excellent.  But  those  beds  are  truncated  along 
the  Tertiary-Paleozoic  border  to  considerable  depths  (see  fig.  30),  per- 
mitting the  water  to  leak  into  the  younger  rocks.  Besides,  the  east- 
west  faulting  of  the  Paleozoic  rocks,  probably  cutting  off  the  southward 
flow  of  the  water,  would  be  effective  over  the  lowlands. 

MINERAL  SPRINGS. 

The  large  springs  of  the  limestone  districts  of  the  Paleozoic  area 
have  already  been  mentioned.  Besides  these  there  are  a  multitude  of 
smaller  springs,  many  of  which  yield  mineral  water  of  value  for  me- 
dicinal or  domestic  purposes.     A  considerable  number  of  them  have 


Digitized  by  VjOOQIC 


PURDUE]  NORTHERN    ARKANSAS.  197 

been  developed  as  resorts,  some  of  which  are  among  the  most  impor- 
tant in  the  country.  Sanitariums  using  spring  water  are  common. 
The  waters  are  generally  used  at  the  spring,  but  in  1902  seven  springs 
reported  sales  amounting  to  149,100  gallons,  with  a  value  of  $52,575. 
The  springs  reporting  are  as  follows:" 

Allen's  Alterative  Magnesia  Spring,  Hot  Springs,  Gariand  County. 

Arkansas  Lithia  Springs,  near  Hope,  Hempstead  County. 

Arsenic  Spring,  Hot  Springs,  Garland  County. 

Blanco  Springs,  near  Hot  Springs,  Garland  County. 

Eureka  Springs,  Eureka  Springs,  Carroll  County. 

Potash  Sulphur  Spring,  near  Hot  Springs,  Garland  County. 

Ravenden  Springs,  Ravenden  Springs,  Randolph  County. 

PBINCIPAXi   PUBIilCATIONS. 

Mineral  springs  of  the  United  States,  by  A.  C.  Peale:  Bull.  U.  S.  Geol.  Survey  No. 

32,  pp.  118-122. 
Preliminary  list  of  deep  borings  in  the  United  States,  pt.  1,  by  N.  H.  Darton: 

Water-Supply  and  Irrig.  Paper  U.  S.  Geol.  Survey  No.  57,  p.  12. 
Airkansas  [well  and  spring  records],  by  A.  H.  Purdue:  Water-Supply  and  Irrig. 

Paper  U.  S.  Geol.  Survey  No.  102,  pp.  374-388. 
Summary  of  the  water  supply  of  the  Ozark  region  in  northern  Arkansas,  by  G.  I. 

Adams:  Water-Supply  and  Irrig.  Paper  U.  S.  Geol.  Survey  No.  110,  pp.  179-182. 


a  Peale,  A.  C,  Mineral  Resources  U.  S.  for  1902,  U.  S.  Geol.  Survey,  1904,  p.  996. 
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TENNESSEE  AND  KENTUCKY. 


Bv  L.  C.  Glenn. 


TKISTS^KSSKE. 


Topography. — In  croswing  Tennessee  from  east  to  west  the  following- 
topographic  divisions  may  be  recognized:  (1)  The  Valley  of  East 
Tennessee,  (2)  the  Cumberland  Plateau,  (8)  the  Highland  Kim  or  Plain 
within  which  the  Nashville  basin  has  been  eroded,  (4)  the  Western 
Valley  of  Tennessee  River,  (5)  the  Gulf  Coastal  Plain,  and  (6)  the 
Mississippi  Alluvial  Plain  or  Bottoms. 

RainfM, — The  rainfall  is  between  50  and  60  inches  annually.  In 
autumn,  the  driest  season,  it  is  2  or  3  inches  less  than  the  average, 
and  in  winter,  the  wettest  season,  it  is  2  or  8  inches  more  than  the 
average;  in  spring  it  is  slightly  more  and  in  summer  slightly  less 
than  the  average. 

VALLEY  OF  EAST  TENNESSEE. 

DtHcrlption. — The  so-called  Valley  of  Ekst  Tennessee  is  that  part 
of  the  great  Appala(*hian  Valley  that  extends  southwestward  across 
the  eastern  end  of  the  State  from  the  Virginia  to  the  Georgia  line. 
Its  width  varies  from  45  to  60  miles.  It  is  limited  on  the  southeast 
by  the  Great  Smoky  Mountains  along  the  North  Carolina  line,  and  on 
the  northwest  by  the  eastern  scarp  of  the  Cumberland  Plateau.  The 
floor  of  this  valley  has  an  elevation  of  9(K)  feet  at  Chattanooga  and  of 
2,000  feet  along  the  Virginia  line.  Many  long,  narrow,  parallel 
ridges  trending  northeast-southwest  in  the  same  direction  as  the  val- 
ley itself  rise  above  its  floor.  They  are  separated  by  long,  narrow, 
minor  valleys.  The  ridges  are  formed  by  the  hard,  upturned,  folded 
and  faulted  Cambrian,  Silurian,  and  Devonian  rocks,  while  the  inter- 
vening valleys  have  been  eroded  in  the  limestone  or  soft  shale. 

Water  resources, — Along  the  eastern  side  of  the  valley  the  Great 
Smoky  Range,  which  reaches  an  extreme  height  of  over  6,500  feet,  is 
carved  along  with  its  projecting  spurs  either  from  metamorphosed 
sediments  of  probably  Cambrian  age  or  from  more  ancient  igneous 
rocks  of  various  kinds.  Among  these  spurs  many  bold  freestone 
springs  are  found,  and  every  ravine  has  its  streamlet  of  pure,  clear, 
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and  unfailing  water.  The  region  is  rough  and  sparsely  settled,  and 
the  springs  furnish  an  abundant  and  satisfactory  water  supply. 

In  the  valley  proper  the  streams  are  usually  broad,  shallow,  and 
rapid.  Their  waters  are  generally  pure  and  clear,  except  after  heavy 
rains.  Innumerable  springs  are  found  throughout  the  valley.  Because 
of  the  great  variety  in  the  rocks  of  the  region  the  water  of  the  springs 
varies  greatly  in  character.  From  the  limestones  and  dolomites  large 
and  bold  springs  of  clear,  hard  but  wholesome,  water  issue  constituting 
the  most  common  supply  for  household  purposes.  The  waters  often 
contain  magnesian  salts  where  the  springs  issue  from  the  Knox  dolo- 
mite. In  general  it  may  be  said  that  their  chief  mineral  contents  are 
calcium,  magnesium,  and  sodium  carbonates,  sulphates  and  chlorides, 
with  occasionally  iron  sulphate  and  carbonate  or  aluminum  sulphate 
or  alum.  Many  sulphur,  iron,  and  alum  springs  are  found  in  the 
Devonian  black  shale.  Sulphur  waters  are  also  found  in  the  lime- 
stones and  dolomites.  Chalybeate  waters  occur  in  the  sandstones  and 
conglomerates,  though  freestone  waters  are  more  common.  In  several 
counties  Epsom  springs  are  known. 

Some  of  these  valley  springs  have  earned  a  wide  reputation  for  their 
medicinal  qualities,  and  annually  attract  many  visitors  in  search  of 
health,  recreation,  or  rest.     A  few  ship  their  waters. 

In  some  cases  these  natural  supplies  are  supplemented  ])y  cisterns, 
though  the  abundance  of  springs  and  their  unfailing  flow,  no  doubt 
largely  due  to  the  faulting  of  the  rocks,  render  the  use  of  cisterns  less 
necessary  than  in  many  limestone  regions.  In  those  towns  which  are 
without  a  system  of  waterworks  the  use  of  cisterns  is  more  prevalent, 
as  they  furnish  the  only  sjife  water  supply  under  such  conditions.  In 
the  larger  cities  water  supplies  are  obtained  from  near  by  rivers  or 
other  smaller  streams.  Although  the  valley  is  well  settled  the  popu- 
lation is  largely  agricultural  and  scattered,  and  stream  supplies  may 
be  regarded  as  safe  except  where  contaminated  by  tan  bark,  wood 
pulp,  or  other  similar  industries. 

CUMBERLAND    PLATEAU. 

Description, — ^The  Cumberland  Plateau  crosses  Tennessee  in  a 
northeast-southwest  direction,  and  varies  in  width  from  about  35  miles 
neiir  the  Alabama  line  to  about  50  miles  near  the  Kentucky  line.  Its 
elevation  is  1,500  feet  on  the  Alabama  line,  2,000  feet  in  the  center  of 
the  State,  and  3,500  feet  near  Cumberland  Gap.  The  plateau  surface 
stands  about  1,000  feet  above  the  ad; 3/ en t  regions  on  either  side. 
The  eastern  edge  is  an  abrupt  scarp  th  it  is  straight  for  miles.  The 
western  edge  is  an  equally  abrupt  scarj  ,  but  is  notched  by  the  head- 
watei-s  of  streams  that  have  eaten  into  the  plateau  from  the  west. 
The  surface,  while  measurably  flat,  is  diversified  by  shallow  valleys  and 
low  ridges. 
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Water  resources, — ^The  rocks  of  the  plateau  are  of  Carboniferous  age. 
Much  of  the  surface  is  underlain  by  sandstone,  which  forms  an  open 
porous  soil  if  well  drained.  From  this  sandstone  issue  the  numerous 
freestone  springs  that  furnish  so  large  a  part  of  the  water  supply  of 
the  region.  During  summer  and  fall  droughts  sometimes  occur,  and 
many  springs  and  streams  decrease  in  volume  or  go  entirely  dry,  so 
that  water  for  household  use  and  for  stock  becomes  scarce  while  the 
small  mills  for  grinding  corn  remain  idle  until  rains  set  in.  Open 
wells  supplement  the  springs  in  many  instances. 

Supplies  of  water  may  be  obtained  by  drilling  a  few  hundred  feet 
into  the  thick  sandstone  beds  that  underlie  the  larger  part  of  the 
plateau.  Such  waters  will  not  usually  flow,  but  will  rise  within  easy 
pumping  distance  of  the  surface.  They  may  contain  more  or  less  iron 
from  the  sandstones  or  sulphur  from  the  interbedded  shales  and  coab. 
Wells  drilled  deeper  into  the  underlying  Mississippian  or  Silurian  lime- 
stones or  into  the  Devonian  black  shale  usually  obtain  salt  water, 
with  greater  or  less  amounts  of  natural  gas  or  petroleum. 

There  are  numerous  chalybeate  springs  on  the  plateau,  some  of 
which  are  of  local  repute  as  summer  resorts.  Although  none  have 
been  improved  to  any  extent,  the  clear,  cold,  freestone  waters,  com- 
bined with  the  elevation  and  delightful  summer  temperature,  bring 
many  visitors  from  the  lowlands  during  the  heated  season. 

Much  of  the  plateau  is  underlain  by  workable  coal  and  mines  are 
being  opened  at  numerous  places,  each  of  which  becomes  the  nucleus 
for  the  development  of  a  mining  town.  With  its  growth  the  quality 
of  its  water  supply,  usually  taken  from  open  wells  and  springs,  will 
deteriorate. 

HIGHLAND  PLAIN. 

West  of  the  Cumberland  Plateau  lies  the  Highland  Plain,  which 
extends  westward  to  Tennessee  River.  The  width  of  this  plain  is 
about  175  miles  along  the  Kentucky  line  and  105  miles  along  the 
Alabama  line.  Its  average  elevation  is  approximately  1,000  feet. 
Viewed  broadly,  its  surface  is  level;  viewed  in  detail,  it  is  gently  undu- 
lating or  cut  by  small  streams  into  narrow  but  sometimes  steep-sided 
valleys.  In  a  few  places  the  larger  rivers,  including  the  Cumber- 
land, Duck,  and  Elk,  have  cut  steep- walled  valleys  300  or  400  feet  deep 
and  have  eroded  out  of  the  very  center  of  the  Highland  Plain  a  great 
oval  basin  120  miles  long  and  50  broad,  whose  comparatively  flat  bot- 
tom is  300  to  400  feet  below  the  encircling  plain.  This  basin  is  known 
as  the  Nashville  or  Central  basin  and  will  be  discussed  in  a  subse- 
quent paragraph. 

PLATEAU  REGION. 

Description, — The  siliceous  beds  of  the  Mississippian  form  the  sur- 
face of  the  Highland  Plain.    These  beds  consist  of  limestones^  QiUqeous 
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shales,  and  chert.  As  they  form  the  surface  of  this  plain  thej  have 
teen  exposed  to  the  leaching  action  of  the  water  so  long  that  the 
calcareous  matter  has  been  removed  to  a  considerable  depth  and  the 
surface  is  a  disintegrated  mass  of  reddish  clay  and  porous  chert. 

Water  resources, — The  waters  of  the  Highland  Plain  are  mostly  of 
he  clear  freestone  type,  although  some  are  chalybeate  from  the  iron 
contained  in  the  chert.  Where  the  lime  has  not  yet  been  entirely 
leached  from  the  rocks  the  waters  may  be  hard.  Many  springs  are 
found  on  the  Highland,  although  in  numerous  areas  springs  are  weak 
or  wanting,  or  fail  during  dry  seasons.  Many  of  the  smaller  streams 
dry  up  also.  In  such  places  deep  drilling  generally  gives  a  water  con- 
taining objectionable  quantities  of  calcium  and  magnesium  carbonates 
and  sulphates,  hence  the  main  dependence  for  potable  water  in  such 
cases  must  be  cisterns,  of  which  many  are  in  use. 

Along  the  eastern  margin  of  the  Highland  Plain  at  the  foot  of  the 
escarpment  which  rises  to  the  Cumberland  Plateau  many  very  large 
springs  flow  from  the  outcrop  of  the  flat-lying  Mississippian  limestones 
underlying  the  sandstones  of  the  plateau.  These  limestones  receive  a 
considerable  part  of  the  drainage  which  emerges  along  the  edge  of  the 
Highland  Plain  in  streams,  many  of  which  are  large  enough  to  turn  a 
mill  where  they  issue  from  their  underground  channels. 

In  the  portion  of  the  Highland  area  adjacent  to  the  central  basin  are 
many  sulphur  springs,  while  on  the  steep  slopes  between  the  two  the 
springs  from  the  outcropping  black  Devonian  shale  contain  sulphur, 
iron,  and  in  some  cases  alum.  No  extensive  area  of  this  slope  is  made 
up  of  black  shale,  however,  as  it  varies  from  only  a  few  feet  to  20  or 
30  feet  in  thickness.  Some  of  the  sulphur  and  other  mineral  springs 
on  the  Highland  and  on  the  slope  into  the  basin  have  beeen  improved 
and  have  considerable  reputation  as  summer  resorts. 

NASHVILLE   BASIN. 

Description. — The  strata  of  the  central  portion  of  the  Highland  Plain 
have  been  arched  into  a  low  oblong  dome  which  Elk,  Duck,  and  Cum- 
berland rivers  have  eroded  until  they  have  cut  through  the  Missis- 
sippian and  Devonian  and  into  the  softer  limestones  and  shales  of 
the  Silurian.  These  have  been  in  turn  eroded,  resulting  in  the  under- 
mining of  the  overlying  rocks  of  the  Highland  Plain  and  the  final  for- 
mation of  a  basin  of  the  dimensions  already  given.  The  bottom  of  this 
basin  is  flat  or  gently  rolling.  It  slopes  somewhat  toward  the  Cum- 
berland and  other  main  streams  and  has  some  isolated  knobs  that  rise 
to  nearly  the  height  of  the  adjacent  Highland,  while  from  the  rim  spurs 
project  into  the  basin. 

Water  resources, — The  Silurian  limestones  that  form  the  floor  of  the 
Nashville  basin  dip  away  from  its  center  in  all  directions,  but  at  such 
iRB  114—06 14 
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a  low  angle  that  they  appear  nearly  flat.  Many  springs  are  found  in 
these  limestones,  some  of  them  being  very  large.  They  furnish  clear, 
cold,  hard  water  as  a  rule,  though  some  of  them  contain  sulphur. 
During  the  dry  seasons  many  of  the  weaker  springs  and  smaller 
streams  go  dry  and  diflSculty  is  found  in  securing  water  supplies. 
Cisterns  are  extensively  used,  especially  for  household  purposes, 
while  ponds  are  dug  or  small  streams  dammed  to  secure  water  for 
stock.  This  region  is  the  most  fertile  and  most  thickly  populated  in 
the  State.  Some  cities,  such  as  Nashville,  get  their  water  supply 
from  rivers,  others  obtain  water  from  deep  wells  which  are  pumped, 
while^others  without  waterworks  depend  mainly  on  cisterns. 

No  persistent  horizon  of  potable  deep  waters  is  known  to  underlie 
the  basin  surface.  Water  may  be  obtained  almost  anywhere  b>^  drill- 
ing a  few  hundred  feet,  but  it  is  usually  strongly  impregnated  with 
sulphur  or  is  salty.  In  the  lowest  part  of  the  basin  the  deep  wells 
may  flow.  Several  of  the  deep  wells  in  Nashville  are  strongly  sul- 
phurous. Wells  in  other  parts  of  the  basin  sometimes  give  oflf  small 
quantities  of  natural  gas,  or  are  greatly  injured  b}'  a  slight  exudation 
of  petroleum.  Many  other  wells,  especially  if  not  deep,  furnish  good 
water. 

WESTERN  VALLEY  OF  TENNESSEE  RIVER. 

The  Highland  Plain  is  bounded  on  the  west  by  the  western  valley  of 
Tennessee  River,  a  north-south  valley  400  to  600  feet  deep  and  8  or  10 
miles  wide.  The  rocks  making  the  floor  and  most  of  the  walls  of  the 
valley  are  Silurian  limestones  and  shales,  though  Devonian,  Missis- 
sippian,  or  even  Cretaceous  and  Lafayette  may  in  places  form  part  of 
the  wall.  Iron  and  sulphur  springs  are  numerous  along  the  outer 
edges  of  the  valley  floor  and  in  several  places  wells  drilled  3^ears  ago 
for  salt  yield  an  abundant  flow  of  sulphur  water,  which  is  said  to  pos- 
sess valuable  medicinal  qualities. 

GULF   COASTAL   PLAIN. 

DeBcription. — The  Gulf  Coastal  Plain  extends  from  the  Tenneasee 
Valley  westward  to  the  bluffs  overlooking  the  Mississippi  River  flood 
plain.  Its  width  along  the  Kentucky  line  is  about  65  miles;  along  the 
Mississippi  line  it  is  105  miles.  From  an  elevation  of  600  to  800  feet 
in  its  southeastern  portion  its  surface  slopes  west  and  northwest  to  an 
elevation  of  270  feet  at  Memphis,  and  from  300  to  400  feet  in  the  cen- 
tral and  northwestern  part  of  the  area  and  along  most  of  the  bluff 
north  of  Memphis.  The  rocks  of  the  region  are  unconsolidated  sands 
and  clays  dipping  gently  westward,  their  lowest  members  outcrop- 
ping in  a  narrow  north-south  belt  just  west  of  Tennessee  River.  The 
topography  of  the  sandy  formations  is  usually  rolling  to  hilly,  while 
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that  of  the  days  and  loams  is  often  flat  when  remote  from  streams,  but 
hilly  when  near  them. 

Geology  and  water  supphj, — The  oldest  rocks  of  this  region  are  the 
Coffee  sands  of  Cretaceous  age.  They  outcrop  in  a  belt  that  has  an 
average  width  of  perhaps  4  miles  and  extends  northward  from  Missis- 
sippi halfway  across  the  State  along  the  eastern  edge  of  the  Coastal 
Plain  region.  They  overlap  the  Paleozoic  rocks  exposed  in  the  western 
valley  of  the  Tennessee.  The  best  exposure  is  at  Coffee  Landing,  on 
the  Tennessee,  where  they  consist  of  fine  micaceous  sands  and  thinly 
laminated  dark  clays  with  abundant  lignitic  material.  Their  base  is  not 
exposed  here,  but  slightly  over  200  feet  were  seen.  The  totiil  thick- 
ness can  not  be  much  more  than  this.  Westward  they  dip  under  the 
Rotten  limestone,  which  is  also  of  Cretaceous  age.  This  latter  consists 
of  green  sand  and  fine-grained  joint  clay  of  a  leaden  color  and  often 
contains  an  abundance  of  fossil  shells.  It  forms  a  belt  8  or  10  miles 
wide  extending  northward  from  Mississippi;  also  halfway  across  the 
State.  Its  maximum  thickness,  350  feet,  is  found  along  the  Mississippi 
line,  but  it  thins  rapidly  northward.  The  water  obtained  from  springs 
and  wells  is  in  most  places  hard  and  disagreeable  in  taste  and  odor. 
Good  water  may  be  obtained,  however,  by  going  through  it  into  the 
Coffee  sand.  Many  such  wells  exist.  They  vary  in  depth  according 
to  loi^ation,  the  deepest  being  about  350  feet.  Water  rises  nearly  to 
the  surface  as  soon  as  the  Coffee  sand  is  reached  and  is  generally  of 
good  quality. 

Next  westward  is  a  belt  of  sands  and  clays,  which  where  they  enter 
from  Mississippi  are  12  to  15  miles  wide,  but  only  about  6  miles  wide 
where  they  pass  into  Kentucky.  They  are  known  as  the  Ripley  beds, 
are  of  Cretaceous  age,  and  dip  gently  westward.  Their  thickness  is 
perhaps  400  to  600  feet.  Their  surface  is  usually  hilly.  They  are 
water  bearers,  but  open  wells  may  go  80  to  100  feet  deep  for  water, 
though  in  lower  ground  40  to  60  feet  is  a  common  depth. 

Above  the  sands  and  clays  of  the  Ripley  beds,  the  latest  of  the  Cre- 
taceous formations,  lies  the  Porters  Creek  (Flatwoods)  clay.  This  clay 
is  of  early  Eocene  age,  and  consists  of  light,  leaden-gray  clays,  with 
occasional  laminae  of  fine  micaceous  sand.  The  lower  part  contains 
beds  of  micaceous  sand,  greensand,  and  some  thin  impure  limestones. 
The  formation  probably  has  an  average  thickness  of  more  than  200 
feet,  and  extends  from  Mississippi  northward  across  the  State  in  a 
belt  5  or  6  miles  wide.  The  water  derived  from  it  is  not  of  good  qual- 
ity. Better  water  may  be  had  by  going  through  it  and  into  the  under- 
lying Ripley  sands. 

The  ''Lignitic"  group  rests  on  the  Porters  Creek  formation  and  ex- 
tends westward  across  two-thirds  of  western  Tennessee  to  the  bluffs 
overlying  the  Mississippi.     It  is  composed  chiefly  of  sands,  in  which 
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occur,  especially  in  the  eastern  part  of  the  area  of  outcrop,  numerous 
lenses  of  plastic  clays.  In  the  western  part  of  its  area  the  upper  part 
of  the ''  Lignitic  "  is  frequently  marked  by  a  bed  of  blue  or  dark  lignitic 
clay  about  150  feet  thick.  The  total  thickness  of  the  '*  Lignitic"  is  750 
feet  at  Memphis.  Its  sands  are  water  bearing  throughout,  but  as  they 
vary  much  and  rapidly  in  coarseness,  and  consequently  in  quantity  of 
water  they  can  furnish,  the  proper  depth  of  wells  sunk  into  them 
must  be  determined  by  trial.  Usually  their  lower  part  is  the  coarser, 
and  the  quality  of  the  water  yielded  is  generally  suitable  for  any 
desired  purpose.  This  group  is  by  far  the  most  valuable  water-bearer 
in  western  Tennessee. 

The  Lafayette  is  spread  as  a  thin  blanket  over  all  the  preceding 
western  Tennessee  formations.  It  is  a  series  of  sands,  clays,  and 
gravels  that  are  prevailingly  red  or  orange  in  color  and  usually  hard- 
ened, while  in  some  places  the  sands  have  become  cemented  by  iron 
into  sandstones.  The  beds  probably  never  exceed  50  feet  in  thick- 
ness and  are  more  frequently  less  than  20  feet  thick.  Along  the  Ten- 
nessee and  Mississippi  River  bluffs  this  formation  consists  very  largely 
of  gravel,  while  away  from  the  neighborhood  of  these  streams  the 
gravel  beds  are  thin  or  often  wanting.  When  underlain  by  clays 
water  is  usually  found  at  the  base  of  the  Lafayette.  Along  such  of 
the  stream  valleys  as  cut  through  it  numerous  springs  issue  from 
these  basal  beds,  while  shallow  wells  may  reach  it  anywhere.  The  water 
is  usually  good,  provided  the  well  is  stopped  in  the  Lafayette  sand,  but 
if  it  enters  the  top  of  an  underlying  clay  or  marl  bed  it  is  often  poor. 
Over  most  of  the  region,  howev^er,  the  Lafayette  rests  on  the  ''Lig- 
nitic" sands,  and  its  base  is  then  only  locally  water  bearing,  one  well 
obtaining  water  while  another  only  a  few  yards  away  may  find  none. 

Loess  overlies  the  Lafayette  gravel  in  a  belt  12  to  25  miles  wide, 
extending  north  and  south  across  the  State.  The  thickness  gradually 
decreases  from  20  to  70  feet  in  the  bluffs  overlooking  Mississippi 
River  to  an  indefinite  feather  edge  to  the  •  east.  The  loess  is 
everywhere  calcareous  and  wells  sunk  in  it  yield  hard  water.  It 
naturally  forms  a  rich  soil  and  population  is  denser  in  this  belt  than 
elsewhere  in  western  Tennessee.  Many  people  in  the  loess  region  use 
cisterns,  which  are  easily  and  cheaply  constructed  in  the  loess.  Water 
of  better  quality  may  be  obtained  by  deeper  wells,  drawing  their  sup- 
plies from  the  underlying  sands  of  the  "Lignitic." 

Resting  on  the  loess,  and  at  times  separable  from  it  only  with  diffi- 
culty, or  lying  east  of  the  loess  belt  and  resting  on  the  Lafayette,  is  a 
veneer  of  loam,  clay,  or  sand  that  reaches  in  places  perhaps  10  feet  in 
thickness.  It  has  generally  been  correlated  with  the  Columbia.  It  is 
not  of  importance  as  a  water-bearer. 
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MISSISSIPPI  ALLUVIAL  PLAIN. 

In  the  flood  plain  of  the  Mississippi  River  the  deposits  are  recent 
silts.  These  contain  water  at  slight  depths,  but  it  is  of  poor  quality. 
Its  level  rises  and  falls  with  the  varying  stages  of  the  river.  Good 
water  may  be  obtained  from  the  underljnng  lignitic  by  deep  boring. 
Cisterns  are  also  used,  though  the  soft  alluvial  deposits  are  not  always 
solid  enough  to  prevent  the  walls  of  the  cisterns  from  cracking. 

COMMERCIAL  SPRINGS. 

The  following  springs  reported  sales  of  water  in  the  year  1902:^ 

Eastbrook  Springs,  Eastbrook,  Franklin  County. 

Hinson  Springs,  Hinson  Springs,  Henderson  County. 

Horn  Mineral  Springs,  Horn  Springs,  Wilson  County. 

Idaho  Springs,  near  Ciarksville,  Montgomery  County. 

Larkins  Spring,  Madison,  Davidson  County. 

Lockeland  Spring,  East  Nashville,  Davidson  County. 

Montvale  Spring,  Montvale,  Blount  County. 

Red  Boiling  Springs,  Red  Boiling  Springs,  Macon  County. 

Rhea  Springs,  Rhea  Springs,  Rhea  County. 

Tate  P^psom  Spring,  Tate  Spring,  Grainger  County. 

Whittle  Springs,  Whittle  Springs,  near  Knoxville,  Knox  County. 

Willow  Brook  Spring,  Craggie  Hope,  Cheatham  County. 

Wright's  Epsom  Lithia  Well,  Mooresburg,  Hawkins  County. 

The  aggregate  amount  sold  is  stated  as  247,429  gallons,  valued  at 
$36,315. 

PRINCIPAL  PUBLICATIONS. 

Mineral  springs  of  the  United  States,  by  A.  C.  Peale:  Bull.  U.  S.  Geol.  Survey  No. 
32,  pp.  97-106. 

Preliminary  list  of  deep  borings  in  the  United  States,  pt.  2,  by  N.  H.  Darton:  Water- 
Supply  and  Irrig.  Paper  U.  S.  Geoi.  Survey  No.  61,  p.  49. 

Tennessee  [well  records  and  spring  records],  by  L.  C.  lilenn:  Water-Supply  and 
Irrig.  Paper  U.  S.  Geol.  Survey  No.  102,  pp.  358-367. 

KENTUCKY. 

Climatic  conditions  in  Kentucky  are  much  tne  same  as  in  Tennessee. 
The  topographic  belts  which  are  found  in  Tennessee  extend  northward 
into  Kentucky,  and  the  geologic  formations  of  the  two  States  are  very 
similar.  The  water  resources  of  Kentucky  accordingly  resemble  those 
of  Tennessee  in  corresponding  topographic  regions,  so  that  much 
already  said  concerning  the  hydrographic  characteristics  of  these  belts 
in  Tennessee  applies  equally  well  to  Kentucky, 

a  Peale,  A.  C,  Mineral  Reaoun'es  U.  S.  for  1902,  V.  S.  Geol.  Survey,  1904,  p.  996. 
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CUMBERLAND  PLATEAU. 

The  most  eastern  topographic  division  of  Kentucky  is  the  northward 
continuation  of  the  Cumt)erland  Plateau  region  of  Tennessee.  In  Ken- 
tucky the  flatness  of  the  plateau  surface,  howevei",  has  disappeared, 
and  in  its  stead  the  region  is  deeply  dissected  by  streams,  so  that  the 
at^tnal  surface  consists  of  a  maze  of  steep-sided  mountains  separated 
by  almost  e(|ually  narrow,  steep-walled  valleys.  The  plateau  surface 
is  represented  only  by  the  uniform  altitude  of  the  mountain  crests. 
The  southe^istern  edge  of  the  plateau  has  an  elevation  of  3,500  feet, 
and  is  sharplj'  defined  by  the  Cum]>erland  Mountain  scarp.  The  west- 
ern edge  of  the  plateau  ha^s  an  elevation  of  1,500  feet  in  the  south,  and 
of  1H)0  feet  along  Ohio  River.  In  Kentucky  the  plateau  is  not  sharply 
defined  on  the  west,  but  falls  away  in  isolated  projecting  spurs  of 
irregular  but  not  great  height,  extending  out  toward  the  next  and 
lower  topographic  division,  the  Lexington  Plain. 

The  rocks  of  the  plateau  are  horizontal  Carboniferous  sandstones 
and  shales.  Springs  abound,  and  while  in  dry  summers  many  of  them, 
and  even  the  smaller  streams,  dry  up,  there  is  generally  an  adequate 
supply  of  water.  Some  shallow  open  wells  are  used,  but  they  furnish 
an  insignificant  part  of  the  water  supply.  Some  of  the  springs,  espe- 
cially such  as  flow  from  coal  horizons,  contain  iron  or  sulphur.  These 
may  also  at  times  contain  alum.  Population  is  sparse,  houses  are  well 
scattered,  and  the  springs  are  usually  safe  and  wholesome.  Even  the 
simplest  of  sanitary  precautions  are,  as  a  rule,  unheard  of,  and  occa- 
sionally water  is  used  from  a  pool  or  branch  that  is  utterly  unfit  for 
drinking,  and  doubtless  the  cause  of  a  considerable  amount  of  sickness. 

LEXINGTON  PLAIN. 

The  Highland  Plain  of  Tennessee  extends  northward  into  Kentucky, 
where  it  is  known  as  the  Lexington  Plain.  In  detail  its  elevation 
varies  considerably  but  it  may  be  taken  as  averaging  1,000  feet  in  its 
eastern  and  central  parts  and  800,  600,  or  even  400  feet  along  Ohio 
River.  The  surface  of  much  of  this  Lexington  Plain  is  composed  of 
Mississippian  and  Devonian  sandstones,  shales,  and  limestones. 

In  sandstone  regions  the  water  is  usually  soft,  and  springs  are  more 
abundant  and  constant  than  in  the  shale  or  limestone  areas.  In  the 
Devonian  black  shale,  sulphur,  alum,  and  copperas  springs  are  often 
found.  In  the  limestone  areas  much  of  the  di'ainage  is  underground, 
and  at  many  places  big  springs  occur,  some  of  which  are  so  large  that 
they  furnish  an  abundant  supply  of  water  for  good-sized  towns.  Such 
waters  are  hard. 

In  the  north-central  portion  of  this  Lexington  Plain  there  is  an  oval- 
shaped  area  of  10,000  square  miles  with  Frankfort  almost  in  its  center 
that  is  composed  of  Silurian  limestones  similar  to  those  of  the  Mash. 


Digitized  by  VjOOQIC 


OLKNN.]  KENTUCKr.  207 

ville  basin.  Much  of  the  dminage  is  underground,  the  water  is  hard, 
and  springs  are  scarce  in  some  portions.  Water  may  be  obtained  by 
drilling  generally  at  very  moderate  depths  but  it  almost  always  smells 
slightly  of  petroleum  or  contains  salt  or  other  mineral  matters  render- 
ing it  unfit  for  domestic  purposes.  Streams  dry  up  in  the  summer 
and  ponds  are  dug  to  hold  water  for  stock.  Cisterns  are  very  largely 
used. 

Numerous  mineral  springs  are  found  in  the  limestone  region,  some 
of  which  are  noted  health  and  summer  resorts.  They  usually  contain 
sulphur,  iron,  salt,  or  calcium  and  magnesium  carbonate  and  sulphate. 

In  western  Kentucky,  on  either  side  of  the  lower  part  of  Green 
River,  Carboniferous  sandstones  and  shales  are  exposed  in  an  oval  area 
of  4,000  square  miles  which  belongs  topogmphically  to  the  Lexington 
Plain  but  whose  water  supplies  are  in  general  much  like  those  of  the 
Cumberland  Plateau  region.  Stream  cutting  has  not  been  so  deep  as 
in  the  eastern  part  of  the  State  and  springs  are  somewhat  less  abun- 
dant, although  sulphur  and  iron  springs  are  numerous. 

GULF  COASTAL  PLAIN. 

That  part  of  Kentucky  which  lies  west  of  Tennessee  River  is  known 
as  the  Jackson  Purchase  region.  It  is  an  area  of  unconsolidated  sands 
and  clays  belonging  to  the  Gulf  Coastal  Plain  and  forming  a  continu- 
ation of  the  similar  area  in  western  Tennessee. 

Of  the  Cretaceous  formations  of  Tennessee  only  the  youngest,  the 
Ripley,  extends  north  into  Kentucky.  The  Ripley  sands  and  clays 
lie  within  3  or  4  miles  of  Tennessee  River  and  form  a  belt  5  to  10 
miles  wide.  The  formation  is  porous  and  open  and  becomes  very  dry 
during  summer,  so  that  open  wells  must  frequently  be  sunk  to  a  depth 
of  80  to  100  feet  to  insure  adequate  supplies.  Cisterns  and  artificial 
ponds  are  extensively  used.  On  the  west  the  Ripley  formation  dips 
beneath  the  Porters  Creek  (Flatwoods)  clay  (basal  Eocene),  which  gives 
more  of  a  flatwood  aspect  to  the  topography  here  than  it  does  in  Ten- 
nessee. As  in  Tennessee,  the  water  found  in  it  is  hard,  "flat  tasted," 
and  not  abundant.  The  thickness  of  the  Porters  Creek  clay  in  Ken- 
tucky is  not  known,  but  it  is  probably  not  over  200  feet.  It  forms  the 
surface  in  a  belt  5  to  15  miles  wide.  Better  water  could  be  obtained 
in  this  areu  from  the  underlying  Ripley  sands,  but  the  water  probably 
would  not  flow  except  in  very  low  places,  though  it  would  commonly 
rise  nearly  to  the  surface. 

The  western  three-fifths  of  the  Purchase  region  is  composed  of  '*Lig- 
nitic"  sands  and  clays  in  which  the  coarser  sand  beds  are  water  bearing. 
They  are  of  variable  character,  however,  and  no  one  coarse  stratum 
seems  widely  persistent.  In  the  eastern  part  of  the  "Lignitic"  area 
good  water  should  be  found  within  200  to  300  feet  of  the  surface.  At 
Majrfield,  for  example,  excellent  water  is  obtained  at  a  depth  of  250 
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feet.  Near  Mississippi  River  the  depth  will  increase  to  500,  600,  or 
700  feet,  and  the  sands  tend  to  become  finer  and  less  reliable  as  water 
bearers. 

Lafayette  sand  and  gravel,  loess,  Columbia  loam,  and  Mississippi 
flood-plain  alluvium  all  occur  very  much  as  they  do  in  Tennessee,  and 
bear  similar  relations  to  water-supply  problems. 

COMMERCIAL  SPRINGS. 

The  following  springs  reported  shipments  of  water  in  1902: ** 

Anita  Spring,  Lagrange,  Oldham  County. 
Bedford  Springs,  Bedford,  Trimble  Comity. 
Bluelick  Springs,  Bluelick  Springs,  Nicholas  County. 
Crab  Orchard  Springs,  Crab  Orchard,  Lincoln  County. 
Upper  Bluelick  Springs,  Nicholas  County. 

The  aggregate  sales  are  given  as  169,750  gallons,  valued  at  $21,537. 

PRINCIPAL  PUBLICATIONS. 

Mineral  springs  of  the  United  States,  by  A.  C.  Peale:  Bull.  U.  S.  Geol.  Survey  No. 
32,  pp.  106-118. 

Preliminary  list  of  deep  Iwrings  in  the  United  States,  Ft.  1,  by  N.  H.  Darton:  Water- 
Supply  and  Irrig.  Paper  U.  S.  Geol.  Survey  No.  57,  pp.  47-49. 

Kentucky  [well  and  spring  records],  by  L.  C.  Glenn:  Water-Supply  and  Irrig. 
Paper  U.  S.  Geol.' Survey  No.  102,  pp.  369-^573. 

Water  resources  of  the  Middlesboro-Harlan  region  of  southeastern  Kentucky,  by 
G.  H.  Ashley:  Water-Supply  and  Irrig.  Paper  U.  S.  Geol.  Survey  No.  110,  pp. 

177-178. 


a  Peale,  A.  C,  Mineral  Resources  U.  S.  for  1902,  U.  S.  Geol.  Survey,  1904,  p.  996. 
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GENERAL.  CONDITIONS. 

Missouri  has  an  abundant  supply  of  potable  waters,  which,  for  the 
most  part,  come  to  the  surface  in  springs  generously  scattered  over  a 
large  portion  of  the  southern  half  of  the  State,  and  to  a  less  degree 
over  the  northern  half. 

North  of  Missouri  River  the  country  is  covered  by  glacial  drift, 
varying  from  a  few  feet  to  150  feet  in  thickness.  In  this  area  the 
springs  are  small,  but  they  occur  frequently  where  erosion  has  cut 
into  the  drift,  which  thus  becomes  the  main  reservoir  for  the  wells  and 
springs  of  the  region. 

iSouth  of  Missouri  River  the  country  is  destitute  of  drift,  but  erosion 
has  cut  deep  valleys  along  the  borders  of  the  Ozark  Plateau,  and  in 
such  localities  some  of  the  largest  and  finest  springs  of  the  country 
abound. 

TOPOGBAPHY. 

Topographically,  Missouri  may  be  naturally  divided  into  four  great 
districts:  (1)  the  Northwest  Plateau,  (2)  the. North-Central  Plain,  (3) 
the  Ozark-St.  Francis  Dome,  and  (4)  the  Southeastern  Lowlands,  all  of 
which  are  outlined  on  fig.  33. 

The  first  district,  the  Northwest  Plateau,  includes  the  elevated  por- 
tion in  the  northwestern  third  of  the  State,  and  is  bounded  on  the 
southeast  by  the  9()0-foot  contour.  This  plateau  rises  gently  to  the 
northeast  corner  of  the  State,  where  an  elevation  of  over  1,200  feet  is 
reached.  The  strata  generally  dip  from  10  to  15  feet  to  the  mile,  in  a 
northwesterly  direction,  thus  burying  to  a  considerable  depth  the 
Coal  Measures  which  outcrop  on  the  southern  border  of  the  district. 

The  south  boundary  of  the  second  division,  or  the  North-Central 
Plain,  starts  arbitrarily  on  Mississippi  River  in  St.  Charles  County, 
runs  southwesterly  until  it  joins  the  north  boundary  of  the  Ozark-St. 
Francis  Dome  (at  approximately  the  900-foot  contour)  in  Franklin 
County,  which  it  follows  to  the  northwest  comer  of  Barton  County  on 
the  Kansas  line. 

The  Ozark-St.  Francis  Dome  district  is  included  in  the  large  area 
between  the  last-described  line  and  a  line  extending  southwest  from 
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Cape  Girardeau  to  the  Arkansas  boundary,  following  the  400- foot 
contour. 

The  Soutlieastern  Low4ands  include  the  southeastern  corner  of  the 
State  south  of  the  iOO-foot  contour,  and  nowhere  have  an  altitude 
uuuh  exceeding  400  feet. 

< J  K<) LOGICS  CONDITIONS. 

The  Northwest  Plateau  is  covered  wholly  by  drift,  which  is  under- 
lain by  the  Lower  and  Upper  Coal  Measures.  The  North-Central 
Plain  is  partially  covered  by  drift  in  the  northeast,  and  underlain  by 
Missis.sippian  and  Lower  (^oal  Measures,  with  a  fringe  of  Devonian 


Fi<i.  :{1.— (tt'ologii!  HkeU'li  iimp  of  Miteouri. 

and  Silurian  on  the  eastern  border.  The  Ozark-St.  Fi'ancis  Dome 
varies  greatly  in  altitude  and  in  geology.  The  St.  Fmncis  Mountains 
are  made  up  of  Algonkian  granite  and  porphyry.  The  greater  por- 
tion of  the  Ozark  region  is  underlain  by  Cambrian  rocks,  composed 
of  alternating  beds  of  dolomites  and  sandstones.  The  southejisteni 
lowlands  are  underlain  almost  entirely  by  the  sands,  clays,  and  gravels 
of  the  Tertiary. 
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CHARACTER  OF  THE  WATER  SUPPLY, 


NORTHWESTERN   PLATEAU   DISTRICT. 


The  rocks  underlying  this  district  belong  entirely  to  the  Lower  and 
Upper  Coal  Measures.     The  underground  water  supply  of  this  region 
is  mainly  derived  from  the  drift.     In  the  counties  bordering  the  Mis- 
souri  River,   especiall}"  Atchison   County,  small  ^ 
springs  are  frequent  in  the  bluffs,  often  occurring                'T'S 
one-third  of  the  way  to  the  top.     They  are  also                 ™       ^^ 
frequent  along  the  valleys  of  many  of  the  streams. 
In  the  greater  part  of  this  district  drills  have  shown        r  -f 
that  the  l)asal  stratum  of  the  Coal  Measures  is  a        1   Is 
porous  sand  rock  containing  occasional  beds  of           ^ 
bituminous  shale,  similar  to  the  shale  and  sand- 
stone forming  the  basal  member  (Cherokee  shales)  .      p;' 
of  the  Coal  Measures  elsewhere  in  the  State.     An        [  ij 
abundant  supply  of  water  is  nearly  everywhere 
obtained  from   this  sandstone  by  drilling,  as    is    |       g 
shown    by   well    records   furnished    by   Mr.    R.     j5  mZ 
Hawkins,  of  Chillicothe.                                                i*  lilj; 

The  water  from  this  stmtum  in  widely  different    I      2 
localities  uniformly  carries  about  400  grains  of  salt    3       k    i  \ 
to   the  gallon,  with  some  iron,  and  occasionally    |  n| 
sulphur.     Mr.  Hawkins  states  that  farmers  in  this    ?  ^-| 
area  agree  that  this  is  very  good  water  for  live    ^      » 
stock.     The  pressure  is  sufficient  in  Livingston  and    | 
adjoining  counties  to  cause  the  water  to  rise  725    g  fl.^ 
to  740  feet  above  sea  level.     Along  Grand  River    |  ^ | 
bottom  the  water  flows  sluggishly  out  of  the  wells.     1 
As  the  rocks  dip  irregularly  to  the  west  and  north  I 

from  10  to  15  feet  to  the  mile  the  approximate  He 
depth  of  the  water  stratum  may  be  calculated  if  L_.| 
the  surface  elevation  is  known  and  allowance  is  ^ 

made  for  the  local  disturbances  producing  irregular  ^ 

folds  in  the  strata.  The  water-bearing  stratum  f% 
varies  from  20  to  70  feet  in  thickness  and  furnishes  " 

an  abundant  supply  of  water.  Below  this  water 
level  of  the  Cherokee  shales  and  sandstones  are 
other  water-bearing  strata,  but,  as  a  rule,  they 
l>ecome  more  highly  impregnated  with  mineral 
salts  as  the  depth  increases,  until  they  are  no  longer  potable. 

A  few  small  artesian  districts  are  found  in  this  area.  AtTarkio,  Atchi- 
son County,  are  seven  small  flowing  wells,  varying  in  depth  from  196  to 
220  feet.  Some  of  these  furnish  the  city  with  water.  They  are  evidently 
derived  from  higher  reservoirs  in  drift  gravel,  overlain  by  an  impervious 
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clay  layer.  Another  flowing  well  at  Bethany,  684  feet  deep,  fur- 
nishes water  for  the  Heilbron  Sanitarium.  It  flows  5  gallons  per 
minute.  The  source  is  near  the  bottom  of  the  well,  in  the  Upper 
Coal  Measures.  Another  flowing  well  is  reported  at  Gallatin,  Davis 
County,  which  probably  obtains  water  from  the  Upper  Coal  Meas- 
ures. There  is  also  a  flowing  well  at  G.  H.  Lawson's,  near  Utica, 
Livingston  County.  The  surface  elevation  here  is  about  750  feet. 
The  water  is  saline,  and  derived  from  sand  rock  of  the  Cherokee 
shales.  The  well  is  421  feet  deep,  and  drilling  was  stopped  in  Missis- 
sippian  limestone.     The  water  flows  sluggishly  from  the  top.     There 
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Via.  33.— Sketch  map  of  MiHsoiiri.  showing  water  resources. 

are  a  number  of  mineral  springs  and  drilled  wells  supplying  mineral 
waters  in  this  district,  some  of  which  have  a  national  reputation.  One 
of  the  most  noted  and  popular  of  these  is  Excelsior  Springs,  in  the 
northeast  corner  of  Clay  County,  about  30  miles  northeast  of  Kansa^s 
City.  In  the  group  of  springs  at  this  place  the  best  are  the  Regent 
and  Siloam  springs,  both  ferromanganese  waters,  derived  from  the 
Coal  Measures  shales.  Two  drill  wells — the  ''Sulpho-saline,"  1,460 
feet  deep,  and  the  "Salt-sulphur,"  1,370  feet  deep — have  been  sunk 
in  this  vicinity,  furnishing  sulpho-saline  waters.  No  record  of  these 
two  wells  has  been  preserved,  but  the  writer  believes  that  the  waters 
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are  derived  from  the  Jefferson  City  limestone  (Second  magnesian,  of 
Swallow).  The  waters  are  carbonated  and  shipped  to  all  parts  of  the 
country.  Winslow  has  shown  "  the  similarity  of  the  Excelsior  Springs 
waters  to  those  of  St.  Moritz  and  Mont  d'Or  in  Switzerland  and 
France. 

Cities  in  this  district  generally  derive  their  water  from  adjacent 
rivers.  Wells  and  cisterns  are  the  most  common  source  of  potable 
water.  The  former  are  shallow,  from  20  to  50  feet  deep,  and  gener- 
ally have  an  abundant  supply  of  water  from  the  drift  gravels.  Broad- 
head  makes  the  following  statement:  *  "  Wherever  limestone  No.  78 
[Bethany  limestone]  of  the  Upper  Coal  Measures  prevails  we  may 
expect  good  streams  of  water  just  beneath.  Springs  of  any  kind  are 
not  common  in  either  the  Middle  or  Lower  Coal  Measures,  but  are 
more  frequently  found  where  the  Upper  Coal  Measures  prevail." 

NORTH -CENTRAL   PLAIN    DISTRICT. 

The  greater  part  of  this  district  is  underlain  by  Lower  Coal  Meas- 
ures and  Mississippian  rocks.  Fresh- water  springs  are  not  very 
common,  especially  in  the  Lower  Coal  Measures.  Salt  and  mineral 
springs,  some  of  unusual  size,  abound.  As  regards  the  distribution  of 
underground  waters,  the  district  is  naturally  divided  into  three  sec- 
tions— the  eastern,  middle,  and  southern.  The  eastern  section  islargely 
overlain  by  drift.  Small  springs  are  found  at  the  base  of  rounded 
hills  of  drift  and  occasionally  along  outcroppings  of  the  Burlington  and 
Louisiana  limestones,  and  in  Warren  County  good  springs  are  found  at 
the  base  of  the  St.  Peter  (First)  sandstone.  The  main  dependence  for 
water  in  this  section,  however,  is  in  shallow  wells  in  the  drift  and  in 
cisterns.  In  the  central  section  fresh-water  springs  are  rare,  and 
potable  water  is  mainly  derived  from  wells  and  cisterns,  the  wells 
being  dug  in  loess,  where  that  formation  occurs.  Good  water  may  also 
be  found  in  the  limestones  of  the  Henrietta  or  the  sandstone  of  the 
Marais  des  Cygnes  (Pleasanton)  shales.  This  section  is  noted  for  the 
enormous  brine  springs  which  are  so  frequent  in  Saline  and  Howard 
counties.  Around  some  of  these  brine  springs  buffaloes  in  the  past 
have  licked  away  the  soil  to  a  remarkable  degree.  At  McAllister 
Springs  is  an  old  buffalo  lick,  where  a  valley  approximately  25  feet 
deep,  200  feet  long,  and  100  feet  wide  has  been  excavated.  These 
springs  have  become  popular  resorts. 

The  Big  Salt  Spring,  in  Saline  County,  is  a  remarkable  example  of 
one  of  these  brine  springs.  The  surface  rock  is  near  the  base  of  the 
Mississippian,  and  the  spring  proper  is  an  oval  pool  about  25  feet  in 
diameter.  The  water  boils  up  all  over  the  surface  of  this  pool,  and  is 
impregnated  with  sulphur.    Its  source  is  undoubtedly  at  a  great  depth. 

a  Miaeouri  Geol.  Survey,  Report  on  mineral  waters,  vol.  3,  Schweitzer,  p.  202. 
(>Mi88oari  Geol.  Survey,  vol.  1, 1873-4,  p.  37. 
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This  spring  exhibits  a  curious  fluctuation  in  temperature.  Meek 
descril)ed  it  in  1855,  in  his  Geological  Report  on  Saline  County,  as  hav- 
ing a  tem|)erature  of  60,  and  as  containing  an  abundance  of  sul- 
phureted  hydrogen.  Woodward  visited  it  in  1890  and  in  his  report 
on  The  Mineral  Springs  of  Missouri  described  it  as  having  a  tem- 
perature of  56  \  with  little  or  no  sulphureted  hydrogen.  The  present 
writer  visited  it  in  1903,  when  he  found  the  temperature  to  l)e  64 '^, 
with  considerable  sulphureted  hydrogen.  Data  from  these  three 
observations  also  indicate  a  steady  decrease  in  the  flow  of  this  spring. 
The  temptH'ature  obtained  by  Meek  in  springs  in  other  localities  checks 
closely  with  the  data  obtained  by  the  present  writer;  therefore  the 
variation  is  probably  not  due  to  difference  in  thermometers.  Meek 
describes  another  brine  spring  adjoining  this  one  as  subject  to  sudden 
large  fluctuations  in  flow,  independent  of  rains  or  droughts.  He 
states,  '*  I  had  the  satisfaction  to  see  it  in  the  act  of  rising.  The  water 
was  seen  to  suddenly  rise  and  flow  out  over  perfectly  dry  ground." 
This  central  section  seems  to  be  a  basin  which  receives  the  flow  from 
the  Ozarks  from  the  southeast,  being  apparently  inclosed  on  the  south 
by  the  Sedalia  fold,  and  prolmbly  on  the  west  by  smaller  folds  which 
have  not  yet  been  fully  outlined.  If  this  view  can  be  fully  verified 
it  might  account  for  the  concentration  of  salines  in  these  waters.  The 
presence  of  a  considerable  amount  of  calcium  chloride  in  all  the  deep 
wells  and  brine  springs  of  this  district  would  presuppose  the  theory 
that  this  was  a  basin  early  shut  off  from  the  sea,  in  which  the  original 
sea  water  l>ecame  conccntrati^d.  This  section  is  the  most  prominent 
artesian  region  in  the  whole  State,  and  will  be  referred  to  later.  The 
southwestern  section  of  this  North-C'entral  Plain  contains  a  few  weak 
springs,  and  these  arc  fre(|uently  impregnated  with  alum,  sulphur, 
epsom  salts,  and  sometimes  with  ferrous  sulphate.  These  are  especially 
noted  in  Bates,  Vernon,  and  Barton  counties.  They  are  mainly  derived 
from  the  Cherokee  shales,  which  are  f recjuently  pyritiferous  and  mag- 
nesian.  A  number  of  valuable  chalybeate  springs  are  found  in  this 
section;  they  issue  from  the  basal  sandstone  of  the  Cherokee  shales. 

As  l)efore  stated,  this  North-Central  Plain  contains  the  main  artesian 
areas  of  the  State.  In  the  eastern  section  of  the  district  an  artesian 
licit  extends  along  the  eastern  slope  of  the  Winfield-Rensselaer  fold. 
The  writer  has  traced  this  fold  as  far  north  as  Rensselaer  and  believes 
it  to  extend  still  farther  noith  into  Lewis  County.  At  Canton,  in 
Lewis  County,  is  an  artesian  well  906  feet  deep,  which  was  sunk  in 
1890.  The  first  flow  of  water  was  struck  at  870  feet,  in  the  St.  Peter 
sandstone  (First  sandstone  of  Swallow).  Sixty  feet  of  this  porous 
sandstone  was  passed  through  in  the  bottom  of  this  well.  A  gage 
at  the  mouth  of  the  well  indicates  a  pressure  of  12  pounds.  This 
well  supplies  the  city  with  water  and  is  leased  by  Messrs.  Griflith 
and  Maggard,  who  ship  large  quantities  of  the  water  abroad.     This  is 
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one  of  the  finest  sulpho-salinc  waters  in  the  State.  The  well  is  located 
on  a  high  bluff  overlooking  Mississippi  River  and  is  surrounded  with 
every  adjunct  for  making  a  popular  health  resort.  Two  other  artesian 
wells  were  sunk  at  Lagnmge  to  a  depth  of  800  and  850  feet.  Both 
obtained  their  flow  from  the  St.  Peter  sandstone  (First  sandstone  of 
Swallow).  The  water  from  these  is  mildly  sulpho-saline  and  is  largely 
shipped  to  Chicago  and  other  points  in  Illinois.  South  of  Lagrange,  at 
Hannibal,  in  Marion  County,  two  other  flowing  wells  were  struck  at  a 
depth  of  about  90i)  feet,  the  waters  being  also  sulpho-saline,  but 
neither  is  utilized  commercially.  Still  farther  south,  at  Louisiana, 
in  Pike  County,  is  another  sulpho-saline  artesian  well,  strongly 
impregnated  with  sulphureted  hydrogen.  This  well  is  1,350  feet 
deep  and  its  flow  is  very  strong.  The  log  of  the  well  has  been  lost, 
but  it  is  believed  that  the  main  flow  comes  from  the  St.  Peter  sandstone 
(First  sandstone  of  Swallow). 

One  of  the  most  interesting  wells  in  the  State,  and  probably  one  of 
the  oldest  drill  wells  in  the  United  Statt»s,  is  the  Spaulding  artesian 
well  in  the  north  part  of  Ralls  C/Ount}',  10  miles  west  of  Hannibal.  It 
was  drilled  by  hand  to  a  depth  of  300  feet  about  1823,  by  the  Govern- 
ment, in  search  of  brine  for  the  manufacture  of  salt.  The  water  is  very 
strongly  impregnated  with  salt  and  sulphureted  hydrogen.  The  flow 
is  very  strong  and  has  never  pcrcei)tibly  decreased.  The  source  of  the 
water  is  undoubtedly  St.  Peter  sandstone  (First  sandstone  of  Swallow), 
as  this  horizon  outcrops  in  greatly  tilted  beds  a  mile  to  the  southeast. 
A  hotel,  lake,  bath  house,  and  pleasure  grounds  adjoin  the  well. 

At  Bowling  Green,  in  Pike  County,  the  B.  B.  springs  carry  5^)9 
grains  of  mineral  matter  to  the  gallon,  475  grains  of  which  are  mag- 
nesium sulphate.  The  water  is  derived  from  Hannibal  shales.  Not 
far  distant  from  these  are  the  Iris  and  Ionian  springs,  and  the  Kalinat 
well,  owned  by  Mr.  1.  R.  Stevens.  The  Kalinat  water  is  somewhat 
similar  to  the  B.  B.  water  in  composition,  and  probabh^  has  its  source 
in  the  Hannibal  shales. 

This  central  district  has  already  been  referred  to  as  the  main  arte- 
sian region  in  the  State.  Wells  of  thischanuter  are  located  at  Hunts- 
ville,  Randolph  County;  Salisbury  and  Brunswick,  ('hariton  County; 
Carrollton,  Carroll  County;  Sebree,  Howard  C-ountv;  Sweet  Springs 
and  Malta  Bend,  Saline  County,  and  Smithton,  Pettis  County.  The 
Carrollton  well  is  241  feet  deep.  The  principal  flow  of  sjiline  water 
was  struck  at  a  depth  of  200  feet,  at  the  base  of  the  ( 'herokee  shales. 
The  Brunswick  well,  of  sulpho-saline  water,  is  1,500  feet  deep  and  was 
sunk  at  a  cost  of  $1,500.  Its  probable  source  is  St.  Peter  sandstone 
(First  sandstone  of  Swallow).  A  strong  flow  of  very  salt  water  was 
struck  at  600  feet,  probably  in  the  Cherokee  shales,  but  this  was  shut 
off  by  casing.  The  Salisbury  artesian  well,  also  sulpho-saline,  was 
sunk  by  the  city  to  a  depth  of  852  feet  and  at  a  cost  of  $2,500. 
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At  Malta  Ifend,  in  Saline  County,  an  artesian  well  was  sunk  to  a 
depth  of  1,250  feet.  The  first  flow,  strongly  charged  with  salt  and 
sulphuretcd  hydrogen,  was  struck  at  <)4()  feet,  in  Cherokee  (i)  shales. 
At  840  feet  a  stronger  flow  of  salt  water  was  struck  in  sandstone  (St. 
Peter  sandstone  if)-  At  Sweet  Springs  a  strong  flow  of  sulpho-saline 
water,  estimated  at  840  gallons  per  minute,  was  struck  in  a  well  1,074 
feet  deep.  The  cost  of  this  well,  $3,000,  was  raised  by  subscription. 
Excepting  a  few  chalyl)eate  springs,  the  most  notable  springs  in  the 
central  district  are  the  Sweet  and  McAllister  springs.  A  few  years 
ago  the  former  was  a  noted  resort  in  the  State,  with  a  fine  hotel  and 
park.  Since  the  burning  of  the  hotel  the  property  has  depreciated, 
but  the  mildly  saline  water  is  still  shipped  from  the  bottling  works. 
The  McAllister  springs  are  in  a  group  located  about  5  miles  from 
Sweet  Springs,  the  more  important  of  them  being  the  Black  Sul- 
phur and  two  salt  springs  situated  in  the  old  buffalo  lick  previously 
described.  The  conditions  for  well  water  are  similar  to  those  men- 
tioned in  the  Lower  Coal  Measures  of  the  eastern  section. 

In  the  western  section  of  the  North-Central  Plain,  on  the  western 
flanks  of  the  Ozark  dome,  are  two  groups  of  artesian  wells,  one  at  Clin- 
ton, in  Henry  County,  the  other  in  Vernon  County,  at  Nevada  and 
Smithton.  The  writer  is  indebted  to  Dr.  J.  H.  Britts,  of  Clinton,  for 
records  of  the  seven  wells,  five  of  them  flowing,  which  were  sunk  at 
that  place.  Well  No.  1  was  sunk  to  a  depth  of  800  feet.  At  425  feet 
a  flow  of  200  gallons  per  minute  was  obtained  from  the  Moreau  (Second) 
sandstone.  At  800  feet  a  flow  of  400  gallons  was  obtained  from  the 
Gunter  sandstone  (Third  sandstone).  Well  No.  7,  sunk  to  a  depth 
of  818  feet,  flowed  1,000,000  gallons  daily,  surpassing  all  the  others 
combined.  It  derives  its  supply  from  the  Gunter  sandstone.  This 
well,  which  yields  a  slightly  alkaline  sulphur  water,  furnishes  an  abun- 
dant supply  for  the  city.  Three  of  these  wells  are  adjacent  to  one 
another,  and  their  surplus  waters  form  a  beautiful  lake,  which,  with 
a  hotel  and  park,  make  a  fine  pleasure  resort. 

At  Nevada,  Vernon  County,  a  well  was  sunk  to  a  depth  of  900  feet, 
at  a  cost  of  $2,600.  The  principal  water  was  reached  at  a  depth  of 
550  feet,  probably  in  the  St.  Peter  sandstone.  A  beautiful  park  and 
lake  surround  this  well.  Another  small  artesian  well  is  located  at 
Smithton,  in  the  same  count3\ 

The  three  beds  of  limestone  of  the  Henrietta  formation  and  some  of 
the  sandstone  beds  of  the  Cherokee  shales  are  all  water  bearers  and 
supply  good  waters. 

OZARK-ST.  FRANCIS   DOME. 

This  is  an  area  of  decided  uplift  that  extends  from  Missouri  River 
to  the  Red  in  Arkansas,  and  from  the  Mississippi  into  Indian  Terri- 
tory.    The  rocks  dip  gently  in  every  direction  from  the  elongated 
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axis.  Erosion  has  cut  deep  valleys,  especially  on  the  eastern  side. 
The  two  highest  points  are  Taum  Sauk,  in  the  St.  Francis  Mountains, 
where  an  elevation  of  1,800  feet  is  reached,  and  Cedar  Gap,  in  Wright 
County,  1,700  feet  above  sea  level.  Structurally  this  area  is  somewhat 
complex,  divergent  anticlines  merging  into  the  main  fold.  There  is 
strong  evidence  of  two  distinct  periods  of  elevation.  In  the  St.  Fran- 
cis Mountains  the  granites  and  porphyries  are,  it  is  believed,  of  Algon- 
kian  age.  The  major  portion  of  the  Ozarks  are  alternating  beds  of 
sandstones  and  dolomites  belonging  to  the  Silurian  and  Cambrian. 
Bordering  these  sandstones  and  dolomites  are  narrow  belts  of  Devo- 
nian and  Mississippian  rocks.  This  is  preeminently  a  district  of  great 
springs  and  caverns.  In  the  St.  Francis  region,  however,  springs  in 
the  crystalline  rocks  are  extremely  rare.  Considered  geologically, 
the  lowest  water-bearing  horizon,  and  the  most  prominent  one  in  the 
State,  is  the  Gasconade  limestone  (Third  Magnesian).  This  has  a  maxi- 
mum thickness  of  500  feet,  is  frequently  cavernous,  and  some  of  the 
largest  springs  in  the  country  flow  from  it. 

Mammoth  Spring,  in  Arkansas,  for  example,  just  over  the  State 
line,  with  its  source  in  Missouri,  has  a  flow  of  226,195,200  gallons  per 
day.  This  is  one  of  the  largest  springs  in  the  world.  Bennett's  or 
Bryce's  spring,  in  Dallas  County,  has  a  flow  of  161,568,000  gallons  per 
day.  Ha  Ha  Tonka  or  Gunter's  spring,  in  Camden  County,  has  a 
flow  of  158,982,000  gallons  per  day.  Other  immense  springs  are 
found  in  this  formation.  Greer  Spring,  in  Oregon  County,  is  reported 
by  Prof.  H.  B.  Shaw,  of  Missouri  State  University,  in  his  paper  on 
The  Water  Power  of  Missouri,  published  by  the  university  pre^s,  to 
have  a  flow  of  42,000  cubic  feet  per  minute.  Meramec  Spring,  in 
Phelps  County,  is  reported  by  the  same  authority  to  have  a  flow  of 
7,500  cubic  feet  per  minute.  Double  Spring,  in  Ozark  County,  the 
Waynesville  and  several  other  springs  in  Pulaski  County,  and  a  num- 
ber in  Miller,  Crawford,  and  Morgan  counties  swell  this  record.  As 
would  be  expected,  great  caves  and  enormous  sink-holes  abound,  the 
latter  marking  the  course  of  underground  channels.  The  underground 
channel  of  the  stream  probably  forming  Mammoth  Spring,  in  Howell 
County,  is  outlined  by  the  ''Grand  Gulf,"  a  wonderful  sink  three- 
quarters  of  a  mile  long  by  200  feet  deep.  From  the  bottom  of  this 
chasm  a  cave  leads  into  a  more  recent  channel,  exposing  the  stream, 
which  flows  out  as  Mammoth  Spring.  The  water  from  this  formation 
is  clear,  cold,  moderately  hard,  and  carries  from  10  to  15  grains  per 
gallon — mainly  lime  and  magnesian  carbonates. 

The  Trenton  limestone  is  a  prominent  water-carrier  in  Jeflferson 
County.  The  "Big"  or  ''House's"  spring  may  be  mentioned  as  an 
example  from  this  horizon. 

In  the  Delthyris  shales,  of   the   upper  Silurian,  springs  are  par- 
ticularly abundant  and  in  Perry  County  are  often  large. 
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In  the  Chouteau  group  are  found  weak  but  highly  mineralized 
springs.  Next  to  the  Gasconade  limestone,  the  Burlington  limestone 
is  the  most  important  water-bearing  horizon  in  this  area.  Caves  and 
large  springs  of  remarkable  purity,  carrying  from  15  to  20  grains  of 
carbonates  of  lime  and  magnesia  to  the  gallon,  are  found  everywhere 
in  the  horizon,  notably  in  Greene.  Lawrence,  Newton,  McDonald, 
Barry,  and  Christian  counties. 

The  St.  Louis  limestone,  besides  being  cavernous,  includes  some 
large  springs. 

While  only  the  more  prominent  water-bearing  strata  have  been  men- 
tioned, it  might  be  said  that  small  but  pure  cold  springs  ai*e  numerous 
in  all  the  formations  of  the  Ozarks.  A  few  chalybeate  springs,  issuing 
mainly  from  ferruginous  sandstones,  are  found  throughout  the  district. 
A  few  sulpho-chalybeate  springs  of  considerable  value  issue  from  the 
Graydon  sandstone  of  the  Mississippian,  notably  those  at  Graydon 
and  Eudora  Springs,  in  Polk  County,  and  at  Paris  Springs,  in  Law- 
rence County.  Several  cities  in  this  district  derive  their  water  supply 
from  large  springs.  Springfield,  a  city  of  32,000  inhabitants,  is  sup- 
plied entirely  from  the  Fulbright  Spring,  which  issues  from  the  Bur- 
lington. This  remarkably  pure  spring  carries  only  about  10  grains  of 
mineral  matter,  mainly  calcium  carbonate,  to  the  gallon. 

A  few  small  artesian  wells  are  found  in  this  district  in  McDonald, 
Newton,  Christian,  Camden,  Miller,  Cole,  Jefferson,  and  Cape  Girar- 
deau counties.  In  St.  Louis  County  is  found  a  particularly  intei-esting 
artesian  basin,  formed  by  Ordovician  and  Mississippian  rocks  dipping 
strongly  underneath  a  patch  of  surface  Coal  Measures  in  the  center. 

SOUTHEASTERN   LOWLANDS. 

In  this  district  the  question  of  pure  drinking  water  has  been  a 
serious  problem.  There  are  practically  no  springs.  The  country  is 
low  and  frequently  swampy,  and  the  surface  water  contains  considera- 
ble organic  matter.  The  discovery  of  artesian  water  in  a  well  sunk 
about  one  year  ago  at  Campbell,  Dunklin  County,  to  a  depth  of  910 
feet  now  points  to  an  easj^  solution  of  this  difficulty.  The  first  flow 
of  water  in  this  well  was  reached  at  a  depth  of  135  feet,  but  the  prin- 
cipal source  was  found  at  the  bottom  of  the  well.  The  water  is  soft 
and  slightly  charged  with  sulphur. 

COMMERCIAIi  SPRINGS. 

Besides  being  used  as  resorts  or  as  adjuncts  to  sanitariums,  18 
or  more  springs  place  the  waters  on  the  market.  In  1902  these 
springs,  a  list  of  which  is  given  below,  reported  shipments  of  963,545 
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gallons,  valued  at  $204,270.^    The  water  is  used  for  table  and  medici- 
nal purposes. 

Akesion  or  Healing  Spring,  Sweet  Springs,  Saline  County. 

American  Mineral  Springs,  St.  Louis  County. 

B.  B.  Mineral  Springs,  Bowling  Green,  Pike  County. 

Blue  Lick  Springs,  Blue  Lick,  Saline  County. 

Browns  Lineville  Springs,  Mercer  County,  near  Lineville,  Iowa. 

Eldorado  Springs,  Eldorado  Springs,  Cedar  County. 

Excelsior  Springs,  Excelsior  Springs,  Clay  County. 

Haymakers  Lineville  Springs,  Mercer  County,  near  Lineville,  Iowa. 

Jackson  Lithia  Spring,  Jackson  County. 

Lineville  Mineral  Springs,  Mercer  County,  near  Lineville,  Iowa. 

McAllister  Springs,  McAllister,  Saline  County. 

Magnesia  Gusher  Spring,  Canton,  Lewis  County. 

Monegaw  Springs,  Monegaw  Springs,  St.  Clair  County. 

Mysterious  Medical  Spring,  Canton,  Lewis  County. 

Ponce  de  Leon  Well,  Desoto,  Jefferson  County. 

Randolph  Springs,  Randolph  Springs,  Randolph  County. 

Sweet  Springs,  Sweet  Springs,  Saline  County. 

Windsor  Spring,  Windsor,  St.  Louis  County. 

PRINCIPAL.  PUBIilCATIOTSrS. 

Mineral  springs  of  the  United  States,  by  A.  C.  Peale:  Bull.  U.  S.  Geol.  Survey  No. 

32,  pp.  164-170. 
Preliminary  list  of  deep  borings  in  the  United  States,  pt.  1,  by  N.  H.Darton;  Water- 

Supply  and  Irrig.  Paper  U.  S.  Geol.  Survey  No.  57,  pp.  58-69. 
Mineral  waters  of  Missouri,  by  Paul  Schweitzer:  Missouri  Geol.  Survey,  vol.  3,  1892. 
Missouri  [well  and  spring  records],  by  E.  M.  Shepard:  Water-Supply  and  Irrig. 

Paper  U.  S.  Geol.  Survey  No.  102,  pp.  389-440. 
Spring  system  of  the  Decaturville  dome,  Camden  County,  Mo.,  by  E.  M.  Shepard: 

Water-Supply  and  Irrig.  Paper  U.  S.  Geol.  Survey  No.  110,  pp.  113-125. 


a  Peale,  A.  C,  Mineral  Resources  U.  ».  for  1902,  U.  8.  Geol.  Survey,  1904,  p.  996. 
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IOWA. 
By  William  Harmon  Norton. 


The  underground  water  resources  of  Iowa  arc  of  two  classes.  The 
tirst  includes  those  bodies  of  ground  water  which  are  fed  by  the  local 
rainfall  and  are  reached  by  common  wells,  or  issue  as  springs  wherever 
the  ground-water  surface  is  reached  by  valleys.  Artesian  waters,  the 
second  class,  comprise  the  more  deeply  circulating  waters  which  move 
under  pressure  through  permeable  layers  of  the  earth's  crust. 

SHAIiLiOW  SirPPIilES. 

On  account  of  the  abundant  rainfall  of  the  State,  there  appears  to 
be  no  considerable  area  where  the  waters  of  the  first  class  are  not  found 
within  easy  drilling  distance  in  quantities  sufficient  at  least  for  domestic 
and  farm  uses.  Their  distribution,  however,  is  governed  by  certain 
geologic  conditions  which  will  be  briefly  sketched. 

THE   DRIFTLESS   AREA. 

This  area  includes  a  relatively  small  tract  in  northeastern  Iowa  which 
was  never  covered  by  the  various  ice  sheets  which  spread  deposits 
of  drift  over  the  remainder  of  the  State.  Its  maturely  dissected 
surface  has  a  greater  relief  than  exists  elsewhere  in  Iowa,  having  a 
maximum  range  of  600  feet.  The  ground  water  level  lies  low  within 
the  steep-sided  and  narrow  ridges.  The  limestones  which  in  part  form 
the  surface  of  these  uplands  are  pitted  with  sinkholes  through  which 
the  rainfall  drains  into  cavernous  passages  and  rapidly  finds  way  to 
underlying  massive  and  porous  sandstones  of  great  storage  capacity, 
which  supply  copious  springs  wherever  they  are  cut  by  the  valleys. 

WATERS  OF  THE   DRIiTT. 

Outside  the  drif tless  area  the  State  is  covered  with  sheets  of  drift  of 
various  age.  The  most  recent  is  the  Wisconsin  drift  sheet,  occupying 
the  north-central  portion  of  the  State.  It  presents  a  surface  with 
countless  undrained  depressions  and  streams  which  have  hardly  begun 
the  work  of  erosion.  Ground  water  here  stands  high,  and  exuding  in 
the  sags  gives  rise  to  the  many  lakelets  and  the  extensive  sloughs  of  the 
region. 
220 
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The  lowan  drift  sheet,  which  forms  the  surface  in  the  northeastern 
portion  of  the  State,  has  a  topography  that  is  somewhat  older  than 
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Fig.  34.— General  geolofrie  section  of  Iowa. 


that  of  the  Wisconsin,  the  lakelets  and  sloughs  having  been  largel\^ 
drained  by  the  natural  erosion  of  the  streams. 
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Except  a  narrow  strip  along  Mississippi  River,  extending  from  Scott 
(bounty  southward,  which  was  invaded  from  the  east  by  the  llHnoian 
ice,  the  remainder  of  the  State  is  covered  with  the  Kansan  drift  sheet, 
an  old  drift  deeply  weathered,  and  for  the  most  part  much  cut  by 
streams  before  the  deposition  of  the  surface  silt  known  as  'Moess." 
Iteneath  the  Kansan  Iowa  geologists  have  recognized  still  earlier  drift, 
without  surface  outcrop,  known  as  the  ^'pre-Kansan." 

Overlapping  one  another  like  the  shingles  on  a  roof,  these  broad 
sheets  of  stony  clay,  with  their  attendant  beds  of  sand  and  gravel, 
largely  control  the  distribution  and  the  quality  of  the  ground  water  of 
common  wells.  The  stiflf,  stony  clays  of  which  the  drift  is  chiefly  com- 
posed are  impervious  and  dry,  water  being  found  only  in  the  seams  of 
sand  and  gravel  included  within  the  mass  of  the  drift  sheet,  and  espe- 
cially in  the  broad  gravel  and  sand  layers  by  which  the  successive 
sheets  of  drift  are  often  separated,  or  which  often  immediately  overlie 
the  country  rock.  Thus  the  Buchanan  gravel,  a  weathered  and  thor- 
oughly oxidized  deposit  of  Kansan  age,  is  an  important  source  of  sup- 
ply, even  where  lying  beneath  the  stony  clays  of  more  recent  ice 
invasions. 

The  drift  is  so  thick  and  the  distance  to  the  various  water-bearing 
layers  so  great  that  wells  must  frequently  be  sunk  to  depths  of  KM) 
feet  or  more.  Except  on  special  areas  such  as  river  plains,  where 
ground  water  stands  near  the  surface,  the  windmill  is  a  marked  feature 
of  the  typical  Iowa  landscape. 

ARTESIAN  WATERS. 

The  artesian  field  of  Iowa  is  part  of  the  extensive  artesian  area  of 
the  upper  Mississippi  Valley,  which  includes  also  a  portion  of  Missouri, 
a  large  part  of  Illinois,  and  southern  Minnesota  and  Wisconsin. 
The  catchment  area  of  the  field  lies  for  the  most  part  in  the  two  States 
last  mentioned.  From  this  gathering  ground  a  succession  of  beds 
which  supply  all  the  requisite  conditions  for  artesian  wells  slope  south- 
ward. The  series  consists  of  many  broad  sheets  of  limestones,  some- 
times cavernous,  of  impervious  shales,  and  of  close-textured  to  porous 
sandstones,  whose  total  thickness,  as  found  by  adding  together  the 
maximum  thicknesses  of  the  different  formations,  amounts  to  6,000  feet 
These  strata,  which  include  representatives  of  nearly  all  the  stages  of 
the  Paleozoic  system,  and  in  western  Iowa  of  some  of  the  Mesozoic, 
rest  on  a  floor  of  quartzites  and  schists  of  Algonkian  age.  In  north- 
ern Iowa  the  strata  also  dip  from  the  eastern  and  western  boundaries 
of  the  State  toward  a  median  line,  forming  a  shallow  trough  or  syn- 
cline,  whose  axis  lies  in  about  the  longitude  of  the  upper  Des  Moines 
River.  In  southern  Iowa  the  western  limb  of  this  syncline  is  depressed, 
and  under  the  southwestern  counties  the  rock  sheets  lie  more  nearlv 
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level.  In  southeastern  Iowa  the  lower  beds  rise  in  a  low  dome  now 
covered  and  concealed  beneath  later  formations. 

So  exceedingly  gentle  are  the  dips  of  these  strata  that  the  catch- 
ment area  is  of  great  width,  and  the  supply  of  the  artesian  reservoir 
correspondingly  ample.  Of  perhaps  still  more  importance  is  the  con- 
sequence that  even  the  basal  water-bearing  beds  are  within  drilling 
distance  over  about  four-fifths  of  the  State.  So  far  as  known,  their 
continuity  is  not  interrupted  by  any  fault  or  break  barring  the  way 
of  their  percolating  waters  or  presenting  lines  of  leakage. 

Cavihrian  rocks.— The  lower  division  of  the  Cambrian  may  be  called 
the  St.  Croix  or  basal  sandstone.  It  rests  directly  on  the  Algonkian 
floor.  It  is  at  least  1,100  feet  thick  in  the  vicinity  of  the  Mississippi 
River,  but  thins  rapidly  as  it  rises  on  the  western  side  of  the  central 
syncline.  All  its  pervious  strata  are  water  bearing,  except  where  its 
summit  lies  above  the  ground-water  surface  along  the  Wisconsin 
border.  Beyond  the  counties  bordering  the  Mississippi  in  northeast- 
ern Iowa  the  nearly  static  waters  of  this  deep  reservoir  are  likely  to 
be  heavily  mineralized.  Thus  at  Cedar  Rapids  in  a  well  that  reached 
the  Algonkian  quartzite  at  1,417  feet  below  sea  level,  the  basal  sand- 
stone waters  were  so  salty  and  so  corrosive  to  the  iron  casing  that  the 
lK)ring  was  plugged  to  shut  off  all  water  below  that  of  the  Jordan. 

The  most  important  water-bearing  bed  of  the  Iowa  field  is  the  Jor- 
dan sandstone,  a  light-colored,  smooth-grained  rock,  from  100  to  200 
feet  thick.  It  is  to  this  water-bearing  stratum  that  drillers  are  usually 
encouraged  to  go,  and  it  is  here  that  they  are  often  also  urged  to  stop. 
The  Jordan  is  separated  by  impervious  shales  and  shaly  dolomites, 
called  the  St.  Lawrence,  from  the  basal  sandstone. 

Ordovieian^  SilurUin^  and  DeiHmlan  rocks. — At  the  base  of  the 
Ordovician  is  the  Oneota  (Lower  Magnesian),  a  dolomitic  formation, 
which  may  be  divided  into  an  upper  and  a  lower  division,  separated 
by  a  bed  of  sandstone  equivalent  to  the  New  Richmond  of  Wisconsin. 
With  a  thickness  of  from  300  to  (JOO  feet,  it  appears  to  underlie  the 
entire  State,  everywhere  showing  the  perfect  and  complete  dolomiti- 
zation  and  admixture  with  arenaceous  material  characteristic  of  its 
outcrop.  The  flow  of  an  artesian  well  is  often  notably  increased  as 
the  drill  penetrates  this  creviced  and  porous  formation  with  its  included 
sand}'  layers. 

The  St.  Peter  is  a  remarkably  persistent  formation  whose  normal 
thickness  is  about  100  feet.  It  is  a  bed  of  incoherent  quartz  sand, 
which,  because  of  its  freedom  from  clays  and  cementing  material  and 
because  of  the  phenomenal  roundness  of  its  grains,  is  an  exceptionally 
important  water  horizon.  So  distinct  are  its  grains  from  those  of 
any  sandstone  above  it  that  the  St.  Peter  is  easily  recognized  by  the 
experienced  well  driller  as  well  as  by  the  geologist.     In  northera  Iowa, 
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even  as  far  west  as  Cherokee,  it  yields  fair  supplies  of  water  derived 
from  its  outcrops  in  Minnesota. 

Above  the  St.  Peter  is  the  Galena-Trenton,  a  body  of  limestone 
underlying  considemble  areas  within  the  State.  The  Galena-Trenton 
is  shaly  at  its  base,  and  in  places  thoroughly  doloraitized.  The  dolo- 
mitic  phase,  being  porous  and  often  creviced,  occasionally  yields  arte- 
sian water,  as  at  Davenport,  the  water  apparently  being  derived  from 
the  underlying  sandstone. 

The  Ordovician  series  includes  as  its  highest  member  the  Maquokota 
shale,  which  has  a  maximum  thickness  of  275  feet,  and  which,  in  east- 
ern Iowa  at  least,  eflFectively  seals  the  formations  beneath  it.  Where 
it  lies  near  the  surface  and  the  Silurian  (Niagara)  limestone  forms  the 
country  rock,  it  gives  a  water-tight  floor,  immediately  above  which 
water  may  often  be  obtained  by  ordinary  wells  in  quantities  sufficient 
for  village  supplies. 

The  Devonian  and  Silurian  rocks  are  of  slight  importance  except  in 
southeastern  Iowa,  where  the  latter  become  arenaceous  and  yield  a 
bountiful  supply  at  Keokuk  and  Fort  Madison. 

Carboniferous  rocks, — The  importance  of  the  Carboniferous  system 
as  a  source  of  water  supply  is  in  part  due  to  its  wide  extent  west  of 
Iowa  River.  Despite  its  great  thickness — the  lower  or  Mississippian 
division  measuring  670  feet  and  the  upper  or  Pennsylvanian  division 
(Coal  Measures)  reaching  a  thickness  of  1,060  feet— the  permeable 
strata  of  the  series  are  neither  thick  nor  persistent.  A  number  of 
flowing  wells  are,  however,  supplied  from  it,  although  their  waters 
are  often  heavily  mineralized  and  their  discharge  slight.  The  well- 
known  medicinal  wells  of  Colfax  furnish  a  typical  example.  In  wells 
which  reach  the  deep-lying  beds  beneath  the  Carboniferous,  these 
upper  watei-s,  often  impregnated  with  the  sulphates  of  lime,  soda,  and 
magnesia,  are  not  always  effectively  cased  off. 

Dakota  sandstone. — The  Dakota  sandstone,  which  is  a  source  of  some 
importance  in  northwestern  Iowa,  is  cut  off  from  the  great  Dakota 
field,  where  it  carries  an  enormous  volume  of  water  under  high  head, 
by  the  mass  of  Sioux  quartzite  of  southeastern  South  Dakota.  In  Iowa 
its  water  is  under  little  head,  and  so  far  as  tested  is  of  poor  quality. 

Summary, — Successful  artesian  wells  have  been  drilled  in  all  parts 
of  the  State  except  on  the  high  divides  in  southwestern  Iowa,  whei^e 
the  water-bearing  rocks  reach  their  greatest  depth  below  the  surface. 
More  than  150  artesian  wells — not  counting  those  in  glacial  drift, 
which  are  numbered  high  in  the  hundreds — have  already  been  drilled 
at  an  expenditure  estimated  at  not  less  than  $600,000.  The  water 
supply  of  some  of  the  larger  cities  of  the  State — such  as  Dubuque, 
Cedar  Rapids,  Clinton,  and  Boone — is  drawn  in  considerable  part 
from  artesian  wells,  but  is  supplemented  from   other  sources.      In 
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the  cities  the  larger  number  of  artesian  wells  are  of  private  owner- 
ship, having  l)een  sunk  by  various  manufacturing  companies,  such  as 
packing  establishments,  breweries  and  bottling  works,  glucose  works, 
and  ice  factories.  In  the  number  of  artesian  wells,  Davenport  heads 
the  list  with  14  or  more.  For  smaller  towns  artesian  water  forms 
an  ideal  supply,  and  about  30  of  such  towns  within  the  State  have 
already  availed  themselves  of  it.  Pure,  unpolluted  artesian  waters 
are  provided  for  a  number  of  the  State  institutions,  including  the 
State  (College  of  Agriculture  and  Mechanic  Arts,  the  two  peniten- 
tiaries, two  hospitals  for  the  insane,  and  three  of  the  minor  institutions. 

MLNIERAIi  SPRINGS. 

Six  of  the  springs  of  Iowa  reported  sales  of  their  water  for  table  or 
medicinal  uses  in  1902.     The}^  are  as  follows: 

Boone  Mineral  Well,  Boone,  Boone  County. 
Colfax  Mineral  Spring,  Colfax,  Jasper  County. 
Fry*8  Colfax  Mineral  Springs,  Colfax,  Jasper  County. 
I^ke  View  Mnlical  Spring,  Lake  View,  Sac  County. 
Ottumwa  Mineral  Springs,  East  Ottumwa,  Wapello  County. 
White  Sulphur  Spring,  near  Davenport,  Scott  County. 

The  sales  reached  an  aggregate  of  152,050  gallons  valued  at  ^14,055.'' 
PRINCIPAT^  PUBT^ICATIONS. 

Mineral  springs  of  the  Unite<l  States,  by  A.  C.  Peale:  Bull.  U.  S.  Geol.  Survey  No. 

32,  pp.  161-163. 
Preliminary  list  of  deep  borings  in  the  Unite<l  States,  pt.  1,  by  N.  II.  Darton:  Water- 

Supply  and  Irrig.  Paper  V.  S.  iieo\.  Survey  No.  57,  pp.  39-41. 
Artesian  wells  of  Iowa,  by  W.  11.  Norton:  Iowa  (ieol.  Survey,  vol.  6,  1897. 

a  Pealc.  A.  (T.,  Mineral  Kesourcea  V.  S.  for  1902,  U.  S.  (ieol.  Survey,  19(M,  p.  9%. 
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TOPOGRAPHY. 

The  topographic  features  of  Minnesota  are  simple,  and  its  relief  is 
low.  The  highest  point  of  the  State — the  Misquah  Hills  in  the  north- 
eastern corner — is  only  2,230  feet  in  altitude.  The  lowest  point  is  the 
shore  of  Lake  Superior  at  602  feet.  The  average  elevation  is  very 
close  to  1,200  feet,  since  there  are  42,390  square  miles  below  and  41,897 
square  miles  above  the  1,200-foot  level. 

WATER  RESOURCES. 

GENERAL  CONDITIONS. 

The  northeastern  portion  of  the  State  seems  so  thoroughly  well 
watered  by  streams,  lakes,  and  springs  that  thus  far  there  ha« 
been  no  strong  demand  for  artesian  water,  and  indeed  the  crystalline 
rocks  lying  immediately  beneath  the  glacial  drift  offer  an  effectual 
bar  to  artesian  boring.  In  the  central  portion  of  the  State  there  is 
an  occasional  basin  in  which  artesian  waters  gather  and  in  which 
there  are  wells  of  moderate  depth.  In  these  parts  of  the  State  much 
of  the  surface  is  too  high  to  obtain  flowing  water,  and  is  so  high  that 
only  occasionally  can  supplies  be  obtained  by  pumping.  Thus  the 
southeastern  and  northwestern  portions  of  the  State  are  the  only  areas 
which  may  be  regarded  as  artesian  basins  in  any  broad  sense  of  that 
term. 

Exploration  for  water  in  Minnesota  during  the  last  twenty-five  3^ears 
has  shown  that  artesian  waters  are  derived  from  a  wide  range  of  geo- 
logical formations,  which  are  grouped  according  to  geologic  age  into 
Eo-Paleozoic,  Cretaceous,  and  Glacial  drift.  There  are  few  areas 
within  the  State  where  waters  are  not  obtainable  from  at  least  one  of 
these  three  groups,  if  they  be  obtained  at  all. 

WATER-BEARING   STRATA. 

There  are  no  water-bearing  strata  below  the  Paleozoic.     Within  the 
Cambrian  and  Ordovician  rocks,  which  stretch  in  a  widening  belt  from 
Duluth  southward  to  the  Iowa  line,  is  a  succession  of  sandstones  alter- 
nating with  shales,  dolomites,  and  dolomitic  limestones  that  j'ield  copi- 
226 
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ous  supplies  of  ai^tesian  waters.  Comparatively  little  exploration  has 
been  done  within  this  area  from  Duluth  southward  to  Hinckley,  the 
rocks  being  too  thin  and  too  high  above  the  sea;  but  from  Hinckley  to 
the  Iowa  line  scores  of  wells  have  been  sunk,  which,  with  very  few 
exceptions,  jneld  a  supply  of  water. 

Camhrian, — This  series  of  dolomites,  shales,  and  sandstones  varies 
considerably,  as  shown  by  many  exposures  in  the  upper  Mississippi 
region.  In  the  St.  Croix  region  is  a  series  to  which  Dr.  C.  P.  Berkey 
has  given  the  name  Basal  sandstone. **  At  the  base  of  this  series  is  a 
persistent  sandstone,  attaining  a  thickness  of  1,000  feet  at  Minneapolis 
and  gradually  thinning  out  in  all  directions  as  though  beneath  this 
point  was  the  deepest  part  of  a  great  basin  of  deposition.  So  fre- 
quently has  this  bottommost  sandstone  layer  been  reached  in  artesian 
well  boring,  that  its  characters  and  those  of  the  overlying  rocks  are 
thought  to  be  pretty  definitely  established. 

Above  this  sandstone  is  a  bed  of  shales  and  dolomites  of  varying 
thickness  and  texture,  which  is  called  locally  the  St.  Lawrence  forma- 
tion. Upon  it  rests  another  sandstone  series  called  the  Jordan,  which 
locally  attains  a  thickness  of  116  feet.  This  is  remarkablj^  porous  and 
is  strongly  water  bearing,  yet  it  is  made  up  of  unusually  well-rounded 
and  symmetrical  grains,  varying  in  coarseness  from  one-sixteenth  of 
an  inch  down  to  granules  of  extreme  fineness. 

Ordovician, — Resting  upon  the  Jordan  sandstone  is  the  Oneota  for- 
mation, the  most  massive  and  uniform  as  well  as  the  thickest  bed  of 
dolomite  within  the  State.  While  the  Oneota  formation  in  many 
places  is  very  porous  through  its  dolomitization,  it  nowhere  carries 
water  sufficient  to  serve  as  a  source  of  water  supply. 

Above  the  Oneota  is  a  layer  of  sandstone  called  the  New  Richmond 
sandstone.  Although  this  is  a  very  thin  layer,  nowhere  exceeding 
20  feet  in  thickness  and  in  places  completely  lost  sight  of  by  well 
borers,  yet  in  a  few  localities  it  has  become  the  source  of  a  generous 
water  supply.  Upon  this  New  Richmond  sandstone,  which  appears  to 
be  the  basal  conglomerate  of  the  Canadian  series  of  the  upper  Missis- 
sippi Valley,  rests  a  dolomite  of  somewhat  unique  characters,  which 
for  Minnesota  has  been  named  the  Shakopee.  This  is  of  varj'ing 
thickness  and  everywhere  thoroughly  dolomitized.  It  represents  a 
formation  much  altered  from  its  original  condition.  That  it  once  was 
much  thicker  than  at  the  present  time  there  is  every  reason  to  believe. 
It  sometimes  carries  small  lenticular  beds  of  sandstone,  which  in  certain 
portions  of  the  State  appear  as  quite  conspicuous  features  in  the  for- 
mation.    Elsewhere  their  absence  is  a  marked  characteristic. 

Resting  upon  the  Shakopee  with  some  unconformity,  evidenced  in 
part  by  the  varying  thickness  of  the  Shakopee  beneath,  is  a  persistent 
sandstone  called  the  St.  Peter.    This  sandstone  at  Minneapolis  and 

a  Berkey,  C.  P.,  Geology  of  the  St.  Croix  Dalless;  Am.  Geol.,  vol.  20, 1897,  p.  372. 
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St.  Paul  is  over  160  feet  in  thickness.  Southward  it  thins  to  75 
or  80  feet,  while  at  other  points  it  becomes  thicker.  According  to 
measurements  in  river  valleys  and  artesian  well  borings  its  thickness 
is  variable.  This  is  an  unusually  strong  water-bearing  formation,  and 
is  utilized  wherever  it  occurs  as  a  source  of  water.  To  the  north  of 
Minneapolis,  where  the  overlying  rocks  are  removed  and  the  St. 
Peter  itself  thinned  by  erosion,  it  yields  water  at  varying  depths, 
pumped  by  windmills  for  the  use  of  the  farm  and  the  truck  garden. 
The  last  of  the  Ordovician  series  in  this  part  of  the  State  is  the  Trenton- 
Gralena  limestone.  This  has  been  so  eroded  by  glacial  wear  that  in 
places  it  is  not  more  than  10  or  15  feet  in  thickness,  but  elsewhe're, 
where  protected  from  erosion,  it  attains  a  thickness  of  200  or  300  feet. 
This  rock  contains  no  water,  but  when  present  serves  as  an  effective 
cap  in  confining  the  waters  of  the  underlying  formations. 

Cretaceous. — Less  is  known  of  the  Cretaceous  than  of  any  series 
represented  in  the  State.  According  to  the  records  of  wells.  Creta- 
ceous rocks  come  in  from  the  Dakotas,  where  well-defined  Cretaceous 
beds  occur,  and  stretch  over  the  divide  of  crystalline  rocks  and,  in 
probably  continuous  beds  of  sandstones  and  shales,  reach  more  than 
half  across  the  State.  Yet  many  portions  of  Minnesota,  even  in  its 
western  half,  show  no  evidence  of  the  existence  of  Cretaceous  rocks 
between  the  glacial  drift  and  the  underlying  pre-Cambrian  rocks. 
The  thickness  of  the  Cretaceous  varies  and  its  altitude  above  the  sea  is 
far  from  uniform.  The  freedom  with  which  water  is  obtained  from 
this  formation  is  a  valuable  factor. 

Oladal  drift. — This  deposit  is  a  remarkably  persistent  covering  for 
all  the  older  formations.  In  southeastern  Minnesota  for  a  few  thou- 
sand square  miles  it  is  absent.  Here  the  pre-Paleozoic  rocks  stand  out 
at  the  surface  as  the  prominent  bed  rock  of  the  region.  This  area, 
named  the  driftless  area  by  Chamberlin  and  Salisbury,  is  a  part  of 
the  physiographic  region  embracing  southwestern  Wisconsin,  north- 
western Illinois,  and  northeastern  Iowa.  The  glacial  drift  nearly 
everywhere  carries  water,  the  places  where  a  sufficient  supply  can  not 
be  found  being  very  few  indeed.  In  thickness  the  deposits  vary  from 
0  to  300  feet.  Mr.  Upham  thinks  that  in  the  western  half  of  the  State 
they  can  not  average  more  than  75  feet  and  in  the  eastern  half  they  are 
50  feet  thick  outside  the  so-called  ''driftless  area"  of  the  south- 
eastern corner.  The  glacial  drift  affords  waters  through  three  distinct 
methods — artesian  wells,  shallow  wells,  and  springs. 

ARTESIAN   BASINS. 

The  artesian  basins  of  Minnesota  may  be  briefly  described  as  the 
(1)  Southeastern  artesian  basin,  (2)  Red  River  Valley  basin,  and  (3) 
small  local  basins. 

Southeaster^n  artet^ian.  hmin. — This  basin  is  within  the  area  of  the 
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pre-Palcozoic  rocks.  Each  one  of  the  several  sandstones  in  the  series 
will  yield  water  wherever  it  is  present  under  the  necessary  conditions. 
The  pre-Paleozoic  rocks  are  in  the  form  of  a  great  arch  or  dome,  the 
crest  of  which  seems  to  lie  in  Rice,  Goodhue,  and  Dakota  counties. 
From  this  dome  the  Trenton  limestone  is  worn  away  and  the  St. 
Peter  sandstone  has  been  subjected  to  erosion  almost  suflBcient  to  sever 
its  southern  from  its  northern  area.     The  lowermost  of  the  sandstone 


Fio  35.— Artesian  basins  of  Minnesota. 

series  in  this  region  seems  to  have  a  great  thickening  beneath  Minne- 
apolis and  St.  Paul.  A  well  sunk  in  Lakewood  Cemetery,  Minne- 
apolis (elevation  975  feet),  disclosed  granitic  rocks  2,150  feet  below 
the  surface.  Along  the  southern  border  of  the  State  at  Winona, 
Brownsville,  and  also  La  Crosse,  Wis.,  granitic  rocks  were  struck 
at  about  525  feet  below  the  level  of  the  Mississippi,  where  the  surface 
altitude  was  625  feet.     Since  granitic  rocks  occur  at  St.  Cloud  at  1,2(K) 
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feet  above  sea  level  the  basin-shaped  nature  of  the  bottom  of  this 
water-bearinff  district  is  clearly  seen. 

The  Southeastern  artesian  basin  lies  within  the  portion  of  the  State 
first  settled.  The  population  within  this  region  is  comparatively  dense, 
being,  it  is  estimated,  about  100  per  square  mile.  Several  towns  and 
many  farmers  get  their  principal  water  supply  from  artesian  sources. 
It  is  estimated  that  250  wells  are  now  furnishing  water  within  this  area. 

Red  Eivcr  Valley  hmm. — In  Red  River  Valley  all  three  of  the 
great  water-bearing  series  are  drawn  upon  for  artesian  supplies.  Com- 
paratively few  wells  have  been  sunk  to  the  Paleozoic  rocks  of  northwest- 
ern Minnesota,  but  these  few  show  that  the  Cambrian  andOrdovician  are 
water  bearing.  With  exactly  what  formation  in  southeastern  Minne- 
sota Red  River  Valley  sandstones  can  be  correlated  is  impossible  to 
determine  with  the  data  now  available.  The  water  is  of  fair  quality, 
abundant  quantity,  and  apparently  permanent  supply.  The  Hum- 
boldt well,  the  deep  well  at  Moorhead,  and  a  few  others  show  the 
nature  of  the  rocks  and  the  quality  of  the  water. 

The  second  water-bearing  beds  are  the  Cretaceous  sandstones. 
These  are  much  more  strongly  developed  in  the  southern  end  of  the 
district  than  toward  the  north,  and  they  show  a  very  apparent  tendency 
to  thin  out  in  passing  eastward  from  the  Red  River  and  the  Bois 
des  Sioux  River,  which  form  the  boundary  between  the  Dakotas 
and  Minnesota,  toward  the  eastern  border  of  the  Red  River  basin. 
Indeed  it  is  thought  by  some  that  the  Dakota  sandstone,  the 
the  remarkable  water-bearing  stratum  of  the  James  River  basin, 
thins  out  and  disappears  before  the  Red  River  Valley  is  reached. 
Whatever  the  case,  the  sandstones  which  yield  the  water  are  uneven 
in  texture,  and  of  varying  thickness  and  mineral  composition.  The 
number  of  wells  within  Red  River  basin  in  Minnesota  drawing  water 
from  the  Cretaceous  sandstones  is  large.  Mr.  Warren  Upham  esti- 
mates«  that  hundreds  exist.  Nearly  every  large  farm  in  the  valley  has 
a  deep,  or  artesian,  well  to  supply  farm  buildings,  gardens,  and  pas- 
tures. The  surface  water  and  the  shallow  well  water  are  in  many 
places  so  alkaline  and  so  disagreeable  to  the  taste  that  they  can  not  be 
used  successfully. 

The  third  source  of  artesian  waters  is  in  the  deeper  layers  of  the 
glacial  drift.  Within  the  great  plain  of  Red  River  Valley  wells 
in  the  drift  vary  from  50  to  150  feet  in  depth,  but  in  the  moranic 
regions  to  the  east  of  Lake  Agassiz  Plain  a  greater  depth  is  fre- 
quently attained.  The  water  from  these  wells  is  wholesome  and  is 
very  generally  utilized. 


aThe  Glacial  Lake  Agassiz:  Mon.  U.  S.  Oeol.  Survey,  vol.  26, 1895,  p.  523. 
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SHALLOW   WELLS. 

By  shallow  wells  is  meant  those  wells  from  10  to  100  feet  in  depth, 
sunk  chiefly  for  domestic  water  supply.  They  are  in  general  use 
among  the  farmers,  and  in  the  newer  towns  and  villages  there  are  large 
numbers  of  them.  In  older  communities  they  are  gradually  being  dis- 
placed by  deep  borings  or,  where  conditions  are  favorable,  by  a  supply 
from  lakes  or  streams  of  recognized  purity.  Save  in  southeastern  Min- 
nesota these  wells  are  almost  invariably  within  the  glacial  drift.  The 
water  level  in  the  drift  follows  so  closely  the  general  contour  of  the 
surface  that  there  are  few  wells  which  do  not  yield  a  suflScient  supply 
of  wholesome  water  within  shallow  depths. 

In  the  southeastern  corner,  within  the  so-called  driftless  area,  shal- 
low wells  reach  into  the  residual  material  derived  from  the  alteration 
of  the  Paleozoic  formations  which  occur  in  this  portion  of  the  State. 
The  waters  here  are  hard,  but  as  a  rule  clear  and  wholesome.  The 
water  level  is  steadily  sinking,  so  that  fanners  and  others  utilizing  this 
supply  are  obliged  to  bore  their  wells  deeper  than  formerly.  Old 
wells  must  be  deepened,  and  even  then  their  suppl}^  is  less  than  in 
former  years.  It  is  the  general  impression  that  the  large  demands 
for  water  from,  underground  supplies  exceed  the  inflow  from  the  sur- 
rounding catchment  areas,  and  thereby  the  diminution  in  quantity 
becomes  a  question  of  serious  concern. 

SPRINGS. 

While  springs  occur  throughout  the  State,  there  are  certain  struc- 
tural conditions  which  locally  prevent  their  formation.  These  are  the 
stretches  of  modified  drift  and  the  glacial  lake  bottoms  extended  be- 
tween the  morainic  belts  characteristic  of  the  topography  of  the  State. 
There  are  not  less  than  twelve  of  these  moraines  in  the  State.  These 
belts  of  gravelly  ridges  and  mounds  are  the  source  of  supply  of  whole- 
some yet,  in  most  areas,  hard  spring  water. 

There  is  no  especial  mode  of  occurrence  noticeable  in  the  distribu- 
tion of  springs.  Their  place  of  appearance  depends  upon  the  arrange- 
ment of  the  drift  material  through  which  or  under  which  the  water 
makes  its  way,  beds  of  clay  of  greater  or  less  extent  bt^ing  usually  the 
determining  factor.  In  the  northeast  portion  of  the  State  the  condi- 
tions of  occurrence  are  quite  simple,  since  the  waters  gathered  in  the 
shallow  glacial  drift  make  their  way  out  through  the  hollows  worn  by 
glaciation.  In  southeastern  Minnesota  springs  occur  along  the  river 
valleys  and  represent  the  completion  of  the  underground  circulation 
through  the  pre-Paleozoic  rocks.  The  conditions  of  oi'currence  are 
determined  by  the  depth  of  the  river  valley  and  the  composition  and 
texture  of  the  rocks  through  which  or  between  which  the  waters  flow. 
IBB  114—05^ — 16 
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The  spring  water  of  northeastern  Minnesota  seems  to  be  softer  than 
any  other  water  in  the  State.  Waters  in  southeastern  Minnesota  are, 
with  scarcely  an  exception,  hard.  In  the  western  part  of  the  State 
the  underground  circulation  is  comparatively  sluggish  throughout  the 
extent  of  the  level  tracts  of  glacial  drift,  which  here  carries  a  large 
proportion  of  fragments  from  calcareous  shales  and  Mesozoic  lime- 
stones. There  are  many  alkaline  springs  as  well  as  alkaline  wells, 
and  hardness  is  a  universal  characteristic  of  the  water  in  this  part  of 
the  State. 

The  following  springs  reported  sales  of  water  in  1902:^ 

Highland  Spring,  St.  Paul,  Ramsey  County. 

Indian  Medical  Spring,  Elk  River,  Sherburne  County. 

Inglewood  and  Glenwootl  Springs,  Minneapolis,  Hennepin  County. 

Mankato  Mineral  Springs,  near  Mankato,  Blue  Earth  County. 

Trio  Siloam  Springs,  Austin,  Mower  County. 

The  number  of  gallons  sold  is  given  as  2,217,000.  The  value  was 
$415,140. 

PRINCIPAL.  PUBIilCATIONS. 

Mineral  springs  of  the  United  States,  by  A.  C.  Peale:  Bull.  U.  S.  Geol.  Survey  No. 
32,  pp.  158-159. 

Preliminary  list  of  deep  borings  in  the  United  States,  pt.  1,  by  N.  H.  Darton:  Water- 
Supply  and  Irrig.  Paper  U.  S.  (leol.  Survey  No.  57,  pp.  55-57. 

Minnesota  [well  records],  by  C.  W.  Hall  and  J.  E.  Todd:  Water-Supply  and  Irrig. 
Paper  U.  S.  Geol.  Survey  No.  102,  pp.  441-488. 

a  Peale,  A.  C,  Mineral  Resources  U.  8.  for  1902,  U.  S.  Geol.  Survey,  1904,  p.  996. 


Digitized  by  VjOOQIC 


WISCONSIN  DISTRICT. 


By  Alfred  R.  Schultz. 


liOCATION  AND  TOPOGRAPHY. 

Area  included. — The  Wisconsin  district  lies  between  Lake  Superior 
and  Lake  Michi^n,  extending  southward  approximately  to  the  par- 
allel 41^  30',  and  comprising  all  of  the  Stat^  of  Wisconsin,  the  North- 
ern Peninsula  of  Michigan,  and  that  portion  of  Illinois  north  of  the 
Carboniferous  deposits. 

Topography. — In  general  the  area  is  a  broad  plain,  dipping  toward 
the  south.  Portions  of  the  area  are  rugged  and  rocky  and  broken 
by  hills,  which  in  the  western  part  of  Michigan  rise  to  a  height 
of  2,000  feet.  North  of  a  central  elevation,  which  ranges  between 
1,500  and  2,000  feet,  the  remnants  of  a  mass  uplifted  in  early  geologic 
times,  there  is  an  abrupt  declivity  which  reaches  to  within  a  few  miles 

De»  Main—  Itarahalltown  Cedar  Rlutr  MiatlMippI  R.         Wisoontin  R.       Baraboo 


Fio.  36.— Geologic  section  from  Baraboo,  Wis.,  to  Des  Moines,  Iowa.    After  Norton. 
a.  Des  Moines;  6,  Misslssippian;  c,  Kindcrhook;   d,  Devonian-Silurian;  e,  Hudson  beds;/,  Galena- 
Trenton;  «7,  St.  Peter;  h,  Oneota;  i-j,  St.  Croix,  Including  Jordan,  St.  Lawrence,  and  Basal  sandstone. 

of  the  shore  of  Lake  Superior,  622  feet  above  sea  level.  Across  the 
entire  northern  portion  of  the  area  the  divide  is  generalh"  close  to 
Lake  Superior.  It  is  lowest  in  the  eastern  half,  where  the  Paleozoic 
rocks  form  the  crest.  South  of  the  central  elevation  is  a  long  slope, 
which  in  the  southern  part  of  the  area  is  approximately  500  feet  above 
sea  level. 

The  central  upheaval,  together  with  two  minor  transverse  swells, 
determined  the  chief  drainage  systems  of  the  area  and  in  a  general  way 
govern  the  circulation  of  the  underground  waters. 

Among  the  minor  topographic  features  are  the  elevations  due  to  the 
Baraboo  and  Wausau  quartzites,  the  Penokee-Gogebic  and  Marquette 
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iron  ranges  in  Michigan,  and  the  sawtooth  ridges  of  Keweena wan  rock 
in  the  northwestern  part  of  the  district,  all  of  which  have  affected  the 
drainage  and  underground  circulation.  Extending  from  Green  Bay, 
Wis.,  diagonally  across  the  area  to  Rock  Island,  111.,  is  a  valley  exca- 
vated in  the  soft,  easily  eroded  Cincinnati  shale.  It*<  eastern  boundary 
is  a  steep  slope,  composed  of  the  resistant  Niagara  limestone.  This 
valley  is  one  of  the  most  important  of  the  district,  many  flowing  wells 
being  found  within  its  borders.  North  of  Green  Bay  the  rivers, 
for  the  most  part,  cut  directly  across  the  underlying  shale,  but  well 
borings  show  that  the  drift  here  is  much  deeper  than  over  the  Niagara 
limestone  to  the  east,  indicating  the  continuation  of  the  ancient  valley. 

GEOT^OGY. 

Pre-  Caynhrhin  rocks, — ^The  elevated  central  region  of  Wisconsin  con- 
sists of  pre-Cambrian  granites,  syenites,  and  schists,  all  having  a  very 
low  crystalline  texture  and  porosity. 

North  of  the  crystalline  area  are  the  Huronian  deposits  which  form 
the  Penokee-Gogebic  iron  range  with  its  steep  dip  to  the  north,  while 
on  the  northeast  is  the  trough  of  the  Marquette  iron  i*ange.  Rocks  of 
the  same  age  lie  on  the  east,  southeast,  and  on  the  southwest  of  the 
pre-Cambrian  elevation,  while  small  isolated  outliers  are  found  scat- 
tered over  south-central  Wisconsin. 

The  Keweenawan  series,  which  overlies  the  Huronian,  is  confined  to 
the  northwestern  portion  of  the  area  l^ing  north  of  the  Huronian  of 
the  Penokee-Gogebic  iron  range.  The  Keweenawan  series  extends 
from  the  most  northern  point  of  Keweenawan  Point  in  a  southwesterly 
direction  across  the  district  to  St.  Croix  Falls,  where  it  passes  into 
Minnesota.  The  rocks  lie  in  a  synclinal  trough  whose  axis  bears 
northeast  and  southwest.  In  the  northern  half  of  the  formation  only 
the  eastern  portion  of  the  trough  remains,  while  the  western  portion 
probably  lies  beneath  the  surface  of  Lake  Superior.  The  rocks  con- 
sist of  basic  and  acidic  lavas,  conglomerates,  and  sandstones,  three- 
fourths  of  which  are  igneous.  The  closing  of  the  Keweenawan  age 
also  marks  the  end  of  volcanic  activity  within  the  ai'ea. 

Potsdam  sandstone, — Nearly  surrounding  these  pre-Cambrian  rocks, 
which  carr\^  very  little  water,  is  the  Potsdam  sandstone,  which  rests 
unconf ormably  and  horizontally  upon  the  former.  North  of  the  crys- 
talline rocks  is  a  belt  of  sandstone  of  varying  width  bordering  Lake 
Superior. 

On  the  south  the  same  formation  extends  in  a  crescent  around  the 
crystalline  area,  with  its  northeast  prong  joining  the  Lake  Superior 
belt  near  Marquette,  Mich.,  and  its  northwestern  prong  passing  into 
Minnesota  near  St.  Croix  Falls,  Wis. 

The  sandstone  adjacent  to  Lake  Superior  in  the  western  half  of  the 
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urea  is  of  a  red  and  brown  color,  well  cemented  and  lirni.  Eastward 
the  color  becomes  lighter  and  the  eastern  portion  as  well  as  that  on  the 
south  is  white  or  yellow,  poorly  cemented  and  unconsolidated,  often 
crumbling  in  the  hand,  while  in  some  cases  it  is  so  hard  that  it  might 
pass  for  a  quartzite.  The  formation  consists  of  tine  calcareous  sand, 
coarse  siliceous  sand,  shales,  marls,  and  layers  of  sand  highly  impreg- 
nated with  iron  oxide,  thereby  causing  the  water  from  some  of  the 


Fio.  37.— Wisconsin  outon)p  of  Potsdam  and  St.  Vvlvr  sandston(>s. 


horizons  to  flow  forth  a  blood  red.  The  rock  is  very  porous.  Its 
grains  are  angular,  and  in  some  of  the  lower  la3^ers  as  coarse  as  No.  4 
shot.  The  sandstone  underlies  the  entire  area  to  the  east  and  south, 
dipping  east,  south,  and  west  on  the  sides  of  the  central  elevation. 
Its  thickness  varies  from  nothing  along  the  crystalline  margin  to  1,4SS 
feet  at  Rockford,  111.  At  Streator,  111.,  it  has  a  total  thickness  of  more 
than  1,737  feet,  showing  a  rapid  increase  toward  the  south. 
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Lfnrei*  Magnemaii  limestone, — Fringing  the  Potsdam  sandstone  on 
the  south  from  the  eastern  part  of  Michigan  to  St.  Croix  River,  in  Polk 
County,  Wis.,  is  a  narrow  belt  of  Lower  Magnesiau  limestone,  varying 
in  thickness  from  50  to  200  feet.  Along  St.  Croix  and  Mississippi 
rivers  it  caps  many  of  the  sandstone  ridges.  It  is  a  dolomite,  with 
considerable  quantities  of  chert,  crystalline  quartz,  and  quartzose  sand 
scattered  through  it  near  the  middle  of  the  formation. 

xSV.  Peter  HayuUtmie. — ^The  St.  Peter  sandstone,  which  overlies  the 
Lower  Magnesian  limestone,  consists  of  a  soft  incoherent  rock,  of 
large  well-rounded  grains  of  quartz  varying  in  color  from  white 
through  yellow,  pink,  to  a  deep  red.  The  formation  is  mapped  in 
Michigan  with  the  Lower  Magnesian  limestone  and  follows  the  eastern 
margin  of  that  formation  southward  to  the  Illinois  boundary,  thence 
up  the  Mississippi  to  Vernon  County,  where  it  is  all  eroded.  It  reap- 
pears in  Pierce  and  St.  Croix  counties.  Isolated  portions  are  also 
found  farther  south  in  Illinois,  where  erosion  once  more  has  brought 
it  to  the  surface.  The  northern  half  of  the  eastern  margin  i.v  consid- 
erably thinner,  often  being  pinched  out  entirely,  as  shown  by  well 
records.  The  formation  has  a  thickness  varying  from  0  to  250  feet  in 
portions  of  Illinois. 

Galena- Trenton  lunestone, — The  Gralena-Trenton  limestone  occupies 
a  large  surficial  area  extending  from  eastern  Michigan  southwest 
across  the  countr}^  to  the  Mississippi  River,  in  Crawford  Count}',  Wis., 
and  as  far  south  as  the  southern  boundary  of  the  district.  Small  iso- 
lated patches  are  found  capping  the  highest  hills  in  Pierce  and  St. 
Croix  counties  in  west-central  Wisconsin. 

The  upper  portion  is  a  dolomite  while  the  lower  is  more  of  a  lime- 
stone. The  various  beds  of  this  formation  are  often  separated  by 
shale.  The  rock  contains  many  cracks  and  fissures  which  are  partly 
filled  with  calcite,  pyrite,  marcasite,  galena,  and  sphalerite.  The  com- 
bined thickness  of  the  Galena-Trenton  varies  from  200  to  350  feet. 

Cincinnati  shale, — Overlying  the  Galena  limestone  is  a  formation 
composed  largely  of  bluish  to  greenish  shale  with  occasional  thin 
bands  of  limestone.  This  shallow  sea  deposit  is  known  as  the  Cincin- 
nati shale  and  is  one  of  the  most  impervious  strata  of  the  area. 
These  soft  shales  are  easily  eroded  and  seldom  exposed.  They  out- 
crop in  a  narrow  belt  seldom  more  than  a  few  miles  in  width  and  close 
under  the  protecting  Niagara  limestone,  extending  from  eastern  Mich- 
igan southwestward  to  Rock  Island,  111.,  forming  for  the  most  part 
the  Green  Bay  and  Rock  River  basins.  Another  prong  extends  south- 
east from  Lee  County,  111.,  around  the  Carboniferous  deposits  to  the 
southern  boundary  of  Ford  County.  A  small  area  is  found  also  in 
northwestern  Illinois,  along  the  Mississippi  River.  The  thickness  of 
the  formation  may  })e  placed  between  150  and  450  feet. 

Xlagara  iitneM(Hie, — East  of  the  Cincinnati  shale  occurs  the  Niagara 
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limestone,  which,  in  a  few  places,  is  separated  from  the  shale  by  the 
Clinton  iron-ore  deposits.  The  Niagara  deposit  varies  in  thickness 
from  450  to  800  feet  and  extends  from  the  eastern  point  of  Michigan 
around  the  lake  on  its  western  shore,  passing  into  Indiana  southeast 
of  Chicago.  A  small  area  is  also  found  along  the  Mississippi  River 
north  of  Rock  River,  capping  man}^  of  the  mounds  in  southwestern 
Wisconsin.  The  formation  has  a  large  surficial  extent  in  the  eastern 
part  of  the  area.  It  is  composed  largely  of  calcium  and  magnesium 
carbonates  and  contains  a  large  number  of  flints.  Some  portions  are 
hard  and  cherty,  while  others  are  inclined  to  be  sandy. 

Later  rocJcn. — Later  deposits  of  rock  within  the  area  are  of  minor 
importance  and  occur  over  very  small  areas.  In  Milwaukee  and  Ozau- 
kee counties  in  Wisconsin  occur  small  deposits  of  the  Lower  Helderberg 
limestone,  while  in  Milwaukee  and  St.  Ignace,  Mich.,  and  south  of 
Rock  Island,  III.,  occur  remnants  of  a  more  extensiv^e  Devonian 
deposit. 

Drift. — The  entire  area  was  overridden  by  glaciers,  except  a  small 
part  along  Mississippi  River,  extending  from  Alma,  Wis.,  eastward 
to  Grand  Rapids,  thence  southward  until  it  crosses  the  Mississippi 
again  near  Savanna,  111.,  passing  into  Iowa.  The  ice  sheet  left  a 
heterogeneous  deposit  of  clay,  sand,  bowlders,  etc.,  of  varying  thick- 
ness, burying  and  modifying  the  minor  topographic  features,  and 
governing  to  a  large  extent  the  drainage  and  the  oci'urrence  of  surface 
water  throughout  the  greater  portion  of  the  area. 

LaeiistHne  deposits,  — Along  the  borders  of  Lakes  Michigan  and  Supe- 
rior are  lacustrine  deposits  composed  of  alternating  layers  of  red  c^lay 
and  beach  sand.  These  deposits  offer  one  of  the  cheapest  and  most 
satisfactory  means  of  obtaining  water  for  both  farm  and  city  purposes. 

WATTCR  HUPPIilES. 

From  the  foregoing  brief  description  of  the  topography,  drainage, 
and  geology  of  the  district  it  may  readily  be  understood  that  the 
source  of  water  supply  for  the  crystalline  region,  with  the  exception 
of  some  of  the  sandstone  of  the  Keweenawan  epoch  and  the  softer 
horizons  of  the  Huronian,  is  restricted  chiefly  to  the  overlying  bed  of 
drift.  This  area  as  a  whole  has  a  very  poorly  developed  drainage. 
The  water  table  in  most  cases  lies  near  the  surface.  Deep  wells  are 
seldom  needed  in  this  sparsely  settled  region.  Cool,  soft,  and  com- 
paratively pure  water  may  easily  be  obtained  from  the  numerous 
springs,  small  streams,  ponds,  rivers,  and  lakes.  Considerable  diffi- 
culty, however,  has  been  experienced  in  various  places  where  a  large 
quantity  of  water  was  required  some  distance  from  a  lake  or  river;  in 
such  places  the  water-supply  problem  will  take  on  a  more  and  more 
serious  aspect  as  the  country  becomes  more  thickly  settled. 

Potsdam  saiidstcnu^ — ^The  greatest  of  the  roi'k  water  horizons  of  the 
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area,  and  the  one  that  universally  furnisher  a  large  suppl}^  of  water, 
is  the  Potsdam  sandstone,  which  nearly  surrounds  the  erystalline 
rocks.  To  the  south  and  east  this  formation  is  the  great  source  of  the 
artesian  waters  found  scattered  over  the  district.  On  the  north  a  few 
records  show  that  waters  from  its  beds  rise  considerably  above  the  level 
of  Lake  Superior.  The  impervious  interbedded  shales  of  this  forma- 
tion furnish  ideal  conditions  for  a  good  artesian  supply  at  many  places 
within  the  outcrop  area  itself.  The  shales,  though  not  everywhere 
present,  often  give  rise  to  several  separate  horizons  of  water-bearing 
rock.  Wells  of  this  nature  may  be  found  at  Sparta,  Whitehall,  Durand, 
and  numerous  other  places  in  Wisconsin.  Although  the  water  from 
this  formation  does  not  reach  the  surface  in  many  places,  owing  to  the 
topography,  it  is  always  abundant,  and  may  be  depended  upon  as  a 
supph'  for  city  purposes.  On  account  of  the  advanced  erosion  and 
deep-cut  valleys  the  entire  Potsdam  area  west  of  Green  Ikj^  and  north 
of  Wisconsin  River  does  not  obtain  any  artesian  water  from  be3'ond  its 
own  limits.  Although  water  is  abundant  ever3'where  the  artesian  flows 
of  this  area  are  confined  to  the  Mississippi  Valley  and  its  deeply  eroded 
tributaries — St.  Croix,  Chippewa,  Trempealeau,  La  Crosse,  Wisconsin, 
Kickapoo,  and  Baraboo  rivers — while  on  the  east  this  artesian  basin 
extends  to  Lake  Michigan,  and  on  the  south  it  passes  under  the  Car- 
lx)nif  erous  deposits.  Whether  artesian  flows  may  l>e  obtained  depends 
largely  upon  the  elevation  above  sea  level. 

Loirer  Magneman  limesUme, — Along  the  eastern  margin  several  water 
horizons  arc  found  above  the  Potsdam  sandstone.  Usually  a  sufficient 
supply  for  domestic  use  is  obtained  from  the  Lower  Magnesian  lime- 
stone, 50  to  100  feet  from  its  top.  In  a  few  places  this  formation 
gives  rise  to  flowing  wells,  which  in  some  cases  are  caused  by  water 
from  the  Potsdam  sandstone  filling  the  cracks  and  fissures  of  the  Lower 
Magnesian. 

St,  Peter  sandstone.  — The  second  greatest  water  horizon  of  the  area 
is  the  St.  Peter  sandstone.  Although  of  much  less  importance  than 
the  Potsdam,  it  furnishes  an  abundant  supply  of  good  water  in  the 
eastern  and  southeastern  portions  of  the  district.  Northward  it 
b(:;.omes  of  less  importance,  as  it  thins  out  and  in  man}^  places  pinches 
out  entirely.  In  the  southwestern  part  of  the  district  artesian  wells 
have  generally  not  been  obtained,  as  the  rivers  cut  through  well  into 
this  formation.  However,  in  these  parts  the  St.  Peter  sjindstone 
always  gives  an  abundant  supply  of  water  for  domestic  uses. 

Gahnia-Trenton  limesfonr. — The  Galena-Trenton  limestbne,  like  the 
Lower  Magnesian  limestone,  yields,  in  most  cases,  sufficient  water  for 
domestic  use.  It  is  seldom  necessary  to  sink  the  wells  more  than  100 
or  150  feet,  and  in  some  cases  a  sufficient  supply  for  small  cities  has 
boon  obtained  at  75  feet  In  some  localities,  notibly  north  of  Green 
Hay,  this  formation  gives  rise  to  flowing  wells.      In  some  cases  it 
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appears  that  the  water  of  this  formation  is  obbiined  from  the  under- 
I3  ing"  St.  Peter  sandstone,  the  overlyinj^  Niagara  limestone,  etc. 

Niagara  luntMtcme. — The  Niagara  limestone,  although  hard,  compact, 
and  in  places  highly  impervious,  furnishes  a  copious  supply.  Water 
is  usually  obtained  from  fissures,  joint  planes,  or  crevices  at  a  depth 
considerably  less  than  200  feet.  The  formation  furnishes  requisite 
artesian  conditions,  and  in  a  great  man}'  instances,  particularly  along 
the  eastern  half  of  its  extent,  between  Manitowoc  and  Milwaukee, 
many  fine  flows  are  obtained. 

Along  the  eastern  margin  of  the  district  the  artesian  flows  are  con- 
fined to  the  vicinity  of  Lake  Michigan  and  to  a  strip  on  each  side  of 
all  the  valleys.  In  the  Green  Bay  and  Rock  River  basins  are  many  of 
the  flowing  wells  of  the  interior.  The  rapid  weathering  of  the  imper- 
vious Cincinnati  shale  has  reduced  this  part  of  the  area  to  such  a  leve' 
that  artesian  waters  might  rise  to  the  surface. 

Lalce  (I^'j}OHits, — Besides  these  deeper-seated  waters  and  the  waters 
coming  from  the  lacustrine  deposits  along  the  shores  of  Lake 
Michigan  and  Lake  Superior,  the  area  is  well  supplied  with  shallow 
underground  waters,  commonly  known  as  surface  water.  Surface 
wells  are  found  by  the  score  all  over  the  drift  area  and  var}'  in 
depths  from  10  to  SO  feet,  and  in  some  case,  as  along  the  Kettle  Range 
in  eastern  Wisconsin,  reach  a  depth  of  800  to  400  feet.  Many  of 
these  wells  are  not  free  from  contamination,  and  during  the  last  few 
years  many  have  gone  dr}'.  In  1903,  however,  nearly  all  the  wells  for- 
merly dry  had  a  good  supi)l3'  of  water.  Along  some  of  the  larger 
streams  water  is  obt^iined  from  the  river-washed  sand  and  gravel  b}' 
sinking  wells  from  10  to  40  feet.  Many  of  these  are  open  or  drive 
wells. 

SPRINGS. 

Along  both  sides  of  the  Kettle  moraine  glacial  drift  is  the  source  of 
many  fine  surface  springs  and  also  of  subterranean  springs  that  feed 
so  many  of  the  small  lakes.  Other  strong  springs  from  the  drift  are 
scattered  over  the  district.  In  the  northwestern  part  of  the  area  these 
strong  springs  flow  from  the  drift  overlying  the  tmp  rock,  and  in 
man}^  cases  the  water  gushes  forth  in  a  small  stream  several  feet  wide 
and  over  a  foot  deep.  So  strong  are  some  of  these  that  they  have 
been  utilized  for  water  power,  as  at  St.  Croix  Falls,  where  a  35-horse- 
power  mill  is  operated  by  the  water  from  a  spring.  Springs  have 
their  source  in  the  upper  surface  of  the  Cincinnati  shale  along  the 
east  ridge  of  the  Green  Bay  and  Rock  River  vallevs  or  along  the  con- 
tact of  the  Niagara  limestone  and  the  Cincinnati  shale.  The  impervi- 
ous shale  stops  the  descending  waters  flowing  through  the  fissured 
Niagara  limestone,  and  it  escapes  at  the  first  opportunity,  producing 
innumerable  springs,  lM)th  great  and  small,  along  the  entire  extent  of 
this  marked  and  import4int  contact.     Much  of  the  water  from  this 
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source  never  conies  to  the  surface  near  the  contact  hut  flows  under- 
ground through  the  sand  and  gravel  l>eneath  the  red  clay  and  gives 
rise  to  some  of  the  fountains  found  east  of  Fond  du  Lac.  The  other 
important  horizons  are  confined  chiefly  to  the  contact  of  the  Potsdam 
sandstone  and  Lower  Magnesian  limestone  and  to  the  contact  of  the 
(ralena-Trenton  limestone  and  the  St.  Peter  sandstone.  In  many  cases 
in  western  Wisconsin  springs  also  arise  from  various  horizons  of  the 
Potsdam  sandstone. 

MINERAL   WATERS. 

Along  the  eastern  margin  a  considcmble  number  of  strong  springs 
flow  from  the  Niagara  limestone,  of  which  the  most  noted  are  the 
famous  Waukesha  Springs,  whose  waters  have  long  been  on  the  mar- 
ket. Although  considemble  water  is  l>eing  bottled,  this  industry  is 
still  in  its  infancy  and  waiting  for  development.  At  present  there 
are  innumerable  springs  moderately  charged  with  mineral  matter  and 
well  adapted  for  certain  medical  uses,  whose  waters  have  never  been 
analyzed.  Most  of  the  springs  within  the  area  contain  a  small  amount 
of  mineral  matter  averaging  approximately  300  parts  per  1,000,00(». 
Other  springs  of  a  much  higher  degree  of  purity  are  found,  one  con- 
taining only  a  little  over  two  grains  per  gallon,  three-fourths  of  which 
was  in  the  form  of  carbonates.  Most  of  the  springs  thus  far  have 
received  but  little  attention  outside  their  use  for  domestic  purposes. 
In  some  cases  springs  have  been  and  are  being  used  for  public  water 
supplies,  as  at  Lancaster,  Wis.,  where  a  spring  with  a  daily  capacity 
of  2,160,000  gallons  furnishes  the  entire  city  with  wholesome  water. 
The  deeper  seated  waters  are  used  chiefly  for  city  water  suppl}'  and 
for  various  manufacturing  industries. 

In  a  few  cases  where  the  waters  have  rare  medical  properties,  as  at 
Sheboygan  and  Prairie  du  Chien,  Wis.,  the  watei^s  have  been  bottled 
and  placed  on  the  market  or  used  for  special  treatment  at  the  sanita- 
rium. The  amount  of  mineral  matter  contained  in  the  well  water  for 
the  most  part  is  compamtively  small,  in  some  cavses  being  as  low  as  T 
grains  per  gallon  and  seldom  being  more  than  50  grains  per  gallon. 
However,  in  a  few  cases  the  amount  exceeds  600  grains  per  gallon, 
while  at  Osceola,  on  Silver  Brook  farm,  the  water  from  the  Potsdam 
sandstone  at  a  depth  of  50  feet  contained  a  total  of  993.9  grains  per 
gallon,  made  up  as  follows:  Na(^l,  320.58  grains;  CaCl^,  583.1  grains; 
MgClg,  18.98  grains;  CaSO^,  62.20  grains;  iron  and  aluminum  oxides, 
2.97  grains,  and  silica,  6.07  grains.  Concerning  this  water,  which  has 
recently  been  analyzed,  J.  H.  Long  writes  as  follows: 

This  water  is  a  very  unusual  and  peculiar  one  because  of  the  presence  of  so  large 
an  amount  of  calcium  chloride.  I  do  not  recall  any  mineral  spring  in  this  country 
which  resembles  it  in  this  respect,  but  some  of  the  so-called  bitt^ir  springs  of  Ger- 
many have  a  somewhat  analogous  nature.  The  water  is  too  highly  charge<l  with 
mineral  matters  to  be  used  in  quantity  as  a  medical  beverage,  but  in  special  cases 
and  for  a  limited  time  it  might  be  profitably  used.     Such  waters  are  often  used  for 
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baths;  in  fact,  that  is  their  main  application,  and  medical  men  could  suji^gest  the 
cases  in  which  such  a  water  as  this  one  could  be  used  properly. 

There  is  no  doubt  that  in  the  future  these  various  fields  will  be 
gi-eatly  extended  and  many  of  the  cities  now  without  a  system  of 
waterworks  will  soon  draw  upon  the  underground  channels  for  their 
supply. 

A  list  of  the  springs  which  reported  sales  of  mineral  water  in  1902 
is  given  below :^ 

Alloucz  Magnesia  Springs,  Green  Bay,  Brown  County. 
Aurelian  Spring,  Palmyra  Springs,  Jefferson  County. 
Bay  City  Spring,  Ashland,  Ashland  County. 
Bethania  Mineral  Springs,  Osc^eola,  Polk  County. 
Chippewa  Spring,  Chippewa  Falls,  Chippewa  County. 
Darlington  Mineral  Spring,  Darlington,  Lafayette  County. 
Fort  Crawford  Springs,  Prairie  du  Chien,  Crawford  County. 
Lebens  Wasser  Mineral  Spring,  Green  Bay,  Brown  County. 
Nee-Ska-Ra  Mineral  Spring,  Wauwatosa,  Milwaukee  County. 
Rainbow  Mineral  Spring,  Wautoma,  Waushara  County. 
Salvator  Mineral  Spring,  Green  Bay,  Brown  County. 
Sanitas  Fountain,  Oshkosh,  Winnebago  County. 
Shealtiel  Mineral  Spring,  Farmington,  Waupaca  County. 
Sheboygan  Mineral  Spring,  Sheboygan,  Sheboygan  County. 
Silver  Sand  Spring,  Milwaukee,  Milwaukee  County. 
Siauson  Mineral  Spring,  Racine,  Racine  County. 
Solon  Springs,  Upper  St.  Croix  Lake,  Douglas  County. 
St.  John  Mineral  Springs,  Green  Bay,  Brown  County. 
Waukesha  Springs,  Waukesha  County: 

Acnie  Spring. 

Almanaris  Springs. 

Anderson's  Waukesha  Spring. 

Arcadian  Spring 

Bethesda  Mineral  Spring. 

Fountain  Spring. 

Henk  Mineral  Spring. 

Hygeia  Spring  No.  2. 

Minniska  Mineral  Spring. 

Siloam  Mineral  Spring. 

Silurian  Mineral  Spring. 

Sotarian  Spring. 

Waukesha  Imi)erial  Spring. 

Waukesha  Lithia  Spring. 

W^hite  Rock  Mineral  Spring. 

The  reported  sales  reached  a  total  of  5,982,948  gallons,  with  a  value 
of  $1,199,473. 

PRINCIPAL.  PUBLICATIONS. 

Artesian  wells,  hy  T.  C.  Chanil>erlin:  Wisconsin  Geol.  Survey,  1873-1S79,  vol.  1, 
pp.  689-701,  1883. 

Mineral  sprinjfs  of  the  United  States,  hy  A.  C.  Peale:  Bull.  U.  8.  Geol.  Survey  No. 
32,  pp.  151-157. 

Preliminary  list  of  deep  borings  in  the  United  States,  pt.  2,  by  N.  H.  Darton:  Water- 
Supply  and  Irrig.  Paper  U.  S.  Geol.  Survey  No.  61,  pp.  65-66. 

•I  Peale,  A.  C,  Mineral  Resources  U.  S.  for  1902,  U.  S.  (ieol.  Survey, p.  996. 

Digitized  by  VjOOQ  IC 


LOWER  MICHIGAN.'' 

TOPOGUAPIIY. 

Lower  Michigan  is  mainly  a  rolling  area,  with  an  elevation  ranging 
generally  between  000  and  1,000  feet  above  sea  level.  In  the  southern 
half  of  the  peninsula  the  general  level  is  broken  by  relatively  low 
niorainal  ridges  left  by  the  glaciers  which  once  covered  the  region. 
In  the  northern  portion  of  the  State  the  morainal  deposits  are  much 
more  pronounced,  occurring  as  prominent  northeast-southwest  ridges, 
and  in  places  rising  to  heights  of  over  1,500  feet.  The  topographic 
features  are,  in  fact,  due  almost  entirely  in  most  areas  to  the  accu- 
mulation of  glacial  drift,  which  may  reach  a  thickness  of  800  feet  or 
more,  and  completely  burie^^  the  irregularities  of  the  underlying  rock. 

GEOt.OGY. 

Leaving  out  of  account  the  glacial  drift  which  has  been  mentioned 
al)ove,  and  considering  only  the  consolidated  rocks,  the  Ijower  Peninsula 
of  Michigan  is  structurally  a  great  oval  basin,  toward  which  the  rocks 
dip  from  all  sides.  The  geographic  center  is  in  Gratiot  County,  about  50 
miles  north  of  Lansing.  The  strata  are  mainly  of  Carl>oniferoiLs  age, 
but  a  rim  of  Devonian  rocks  extends  along  the  shores  of  Lakes  Mich- 
igan and  Huron  from  Mason  County,  on  Lake  Michigan,  to  Alpena 
Count}',  on  Lake  Huron.  Small  areas  or  strips  of  Devonian  rocks 
occur  along  the  rim  of  the  coal  basin,  in  the  extreme  southeastern  and 
southwestern  portions  of  the  State.  A  few  dolomitic  and  other  beds 
of  Silurian  age  also  occur  at  the  extreme  northern  tip  of  the  penin- 
sula and  along  the  shores  of  Lake  Erie  to  the  southeast. 

The  general  character  of  the  basin  and  the  outcrop  of  lis  l>eds  is 
shown  Tn  fig.  38,  while  tig.  39  shows  a  cross  section  of  the  Imsin  from 
west  to  east. 

ITNI>EROR()ITNT>  WATER   SUPPIilES. 

SUPPLIES   OF   THE   DRIFT. 

Emtem  nhore  (iistr!ct, — This  district  embraces  the  eastward -si  oping 
strip  lying  between  the  moraines  and  the  shores  of  Lakes  Huron,  St. 
Clair,  and  Erie,  from  Saginaw  Bay  to  the  southern  limits  of  the  State. 

The  surface  dep)osits  of  the  region,  except  in  some  of  the  valleys 

1  Compiled  mainly  from  report  by  A.  ('.  Lane  on  Water  Resources  of  the  Lower  PeninHuIaof  Michi- 
Ran,  Water-supply  and  Irrigation  Paper  U.  S.  (ieol.  Sur\'ey  No.  30,  1899.  For  facts  relating  to  the 
rpiwr  Peninsula  of  Michigan,  see  the  des(»ription  of  the  Wisconsin  district,  pp.  233  to  241. 
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and  in  the  old  beaches  along  the  lakes,  are  i>redominantly  clay.  The 
clays  yield  no  water,  but  small  supplies,  which  are  liable  to  fail  in 
times  of  drought,  are  found  in  pockets  of  gravel  or  sand  in  the  clay, 
and  a  water-bearing  layer  commonly  occurs  at  the  contact  of  the  drift 
with  the  underlying  rock.     Near  the  moraine  the  water  bearing  sands 


Fio.  38. — Geologic  sketch  map  of  lower  Michigan. 

are  more  numerous,  and  at  least  one  city,  Ypsilanti,  obtains  its  public 
supply  from  wells  in  the  drift.  The  waters  in  the  upper  part  of  the 
drift  are  of  good  quality,  but  in  the  lower  part  they  are  often  charged 
with  salt  and  other  minerals,  or  with  gas  derived  from  the  underlying 
rocks  from  which  the  waters  come.  Some  of  the  wells  flow.  In  the 
stream  and  other  gravels  and  sands  of  the  valleys  and  in  the  sandy 
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beaches  bordering  the  lakes  good  waters  are  often  obtained  by  shallow 
wells,  but  the  wells  are  liable  to  fail  in  especially  dry  seasons. 

Saginaio  Valley  district, — This  district  includes  the  dminage  basin 
of  Saginaw  River  and  portions  of  adjacent  regions.  The  surface  is 
flat,  the  streams  generally  flowing  in  shallow  valleys.  It  is  covered 
with  clayey  drift  or  hardpan,  or  with  clays  deposited  in  a  glacial 
lake,  the  deposits  averaging  from  80  to  100  feet.  Sand  ridges  occur 
near  the  lake. 

The  sand  ridges  carry  water  in  moderate  amount  and  subject  to 
contamination.  Sands  and  quicksands  within  the  clay  frequently 
3'ield  somewhat  hard  water,  which  may  even  flow.  The  wells  are  easily 
clogged.  Water  equally  good  and  with  a  greater  head  can  be  obtained 
by  drilling  into  the  underlying  sandstones.     Some  of  the  drift  wells 


Trmntoft 

Fig.  39. — Section  across  lower  Michigan. 

carry  calcium  sulphate  derived  from  gypsum  in  the  drift,  and  gavS  is 
not  uncommon. 

Northeastern  nhvre  district, — This  area  embmces  the  dminage  aresi 
of  the  Thunder  Bay  River  and  a  few  small  streams  emptying  into  the 
lake  in  ite  vicinity.  To  the  southwest  lies  a  high  moraine  containing 
some  of  the  highest  land  in  the  State.  The  surface  consists  of  a  series 
of  morainal  ridges  with  intervening  tracts  covered  by  sand.  Water 
can  be  obtained  from  this  sand,  though  it  frequently  lies  at  a  consid- 
erable depth.  Springs  emerge  where  the  clay  layers  are  cut  by 
streams.  Deep  wells  in  the  drift  find  sands  with  water,  which  will 
sometimes  rise  to  the  surface  from  beneath  till  and  clays.  The  water 
is  quite  hard,  but  is  otherwise  generally  excellent.  It  is  hardly  suit- 
able for  use  in  boilers. 

Westerm  shore  district. — This  district  lies  along  the  northwest  and 
west  coast  of  the  peninsula,  and  extends  inland  far  enough  to  include 
a  portion  of  the  high  morainal  ridges.  The  surface  is  drift,  the  ro<'ks 
frequently  lying  from  500  to  600  feet  below  the  surface.  The  drift  is 
generally  clayey,  but  contains  many  beds  of  sand,  some  of  which  can 
be  reached  by  driven  wells.     Sometimes,  in  the  more  porous  drift,  wells 
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must  l>c  sunk  300  to  400  feet  to  obtain  water.  Tlie  waters  are  seldom 
saline. 

North-central  district. — This  area  includes  the  upper  portions  of  the 
dminage  basins  of  Manistee,  Muskegon,  and  Au  Sable  rivers  and  adja- 
cent areas.  The  surface  consists  mainly  of  sandy  drift,  yielding  water 
to  shallow  driven  wells.  In  the  few  deep  wells  that  have  been  sunk, 
the  thickness  of  the  drift  is  found  to  be  350  to  500  feet,  or  more. 

Saginaw  inoraine  district, — This  area  includes  the  region  of  the 
Saginaw  moraines  in  the  central  part  of  the  State,  and  southwest  of  the 
Saginaw  Valley  district.  The  region  is  one  of  mominal  drift,  the 
deposits  being  generally  from  100  to  500  feet  thick.  The  composition 
of  the  drift  is  very  variable,  and  many  water-bearing  sands  occur. 
The  underlying  rock  furnishes  a  reliable  source  of  water,  and  a  few 
wells  have  been  drilled  into  it.  Wells  some  times  flow  in  the  lower 
districts. 

South-central  district, — This  district  includes  the  land  in  the  centml 
portion  of  the  State  lying  south  of  the  Saginaw  district.  The  drift 
is  usually  thick.  The  water  conditions  are  much  the  same  as  in  the 
Saginaw  district. 

ROCK    WATERS. 

Trenton  limestone, — This  limestone  has  been  penetrated  at  Monroe, 
Wyandotte,  Dundee,  Blisstield,  and  Dowagiac.  It  yields  a  strong,  but 
impure  brine,  with  traces  of  oil  and  gas. 

Ilndson  and  Tit  lea  shales,  -These  shales  have  been  penetrated  by 
a  few  wells  drilled  to  the  Trenton  limestone.  The}"  are  similar  to 
the  Coldwater  and  St.  Clair  shales. 

yiagara  and  Clinton  lintesto)iei, — These  are  penetrated  only  in  south- 
eastern Monroe  C/Ounty,  southwest  of  Kalamazoo  and  north  of  Frank- 
fort. Water  was  obtained  from  these  beds  at  Dundee  and  Britton,  but 
they  are  otherwise  undeveloped. 

Monroe  and  Sallna  hecb<, — These  beds  are  mainly  buflf  marls,  dolo- 
mites, and  rock  salt,  but  at  the  top  there  is  a  persistent  sandy  bed 
yielding  much  water.  The  waters  are  mainly  brines,  but  fresh  water 
has  been  found  in  one  or  two  horizons  near  the  outcrop. 

Jhuuhe  Vuntstom*, — This  is  a  light  limestone  full  of  flint  and  carries 
considerable  quantities  of  wat<^r  charged  with  salt,  h3^drogen  sulphide, 
and  other  minerals,  making  it  the  source  of  some  of  the  most  valuable 
mineral  water  of  the  State. 

Traverse  series, — This  series  consists  of  alternations  of  limestones  and 
shales  with  an  aggregate  thickness  of  500  feet  oi*  more.  In  the  north- 
ern part  of  the  State  the  series  yields  water  freely  in  some  cases,  and  even 
in  the  southern  part  water  is  obtained  from  sevei*al  of  the  limestones. 

Antrim  shalex, — These  are  blue  to  black  shales  underlying  the  Berea 
grit.     They  yield  neither  fresh  water  nor  brines  in  any  amounts. 
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Bnra  shale  and  grit, — Below  the  Coldwater  tshales  lies  about  130  feet 
of  black  or  chocolate  shales,  while  beneath  these  in  turn  is  about  6() 
feet  of  white  to  brown  sandstone  yielding  at  any  considerable  depth 
pure  brines  with  some  gas. 

Coldwater  shales, — ^These  shales  are  generally  fine  grained,  mica- 
ceous, and  bluish.  They  carry  little  water,  but  small  amounts  are 
obtained  from  sandy  layers  in  a  few  wells. 

Lmcer  Marslvall samhUme, — This  formation  is  alx)ut  260  feet  in  thick- 
ness and  consists  of  ferruginous,  sandstones,  flags,  etc.,  underlying  the 
Upper  Marshall  sandstone.     It  yields  good  water,  rather  chalybeate. 

Napoleon  or  Upper  Marshall  sandstone, — ^This  sandstone,  which  be- 
longs to  the  Carl>oniferous  system,  is  rarel}^  less  than  50  feet  thick,  and 
underlies  the  drift  in  a  broad  belt  extending  from  Saginaw  Bay  south- 
west to  the  southern  boundary  of  the  StaU^  in  Hillsdale  County.  It 
yields  copious  supplies  of  fresh  water  through  many  flowing  wells  that 
have  been  sunk  to  a  depth  of  about  250  feet  through  the  western  part 
of  Huron  County  to  Sebewaing.  Wells  sunk  to  greater  depths,  if  the 
rocks  of  the  Michigan  series  are  not  properly  cased  off,  yield  salt  water. 
Southwest  of  Lansing  and  Mason  the  water  is  genemlly  good. 

Michigan  series, — This  series  consists  of  shales,  h3'draulic  limestones, 
and  gypsum  beds  immediately  overlying  the  Tpper  Marshall  sandstone. 
The  waters  are  almost  universally  salt  or  bitter,  and  must  be  carefully 
cased  off  in  all  wells  going  to  a  deeper  horizon  for  fresh  waters.  This 
serias  can  be  traced  beneath  the  drift  by  the  composition  of  the  water. 
Included  in  the  Michigan  series  is  the  Grand  Rapids  limestone. 

Panna  sandstone. — The  Parma  sandstone  unconformably  overlies 
the  Michigan  series  and  is  generall}'  separated  from  the  Marshall  by 
a  thin  bed  of  shales,  but  in  places  merges  with  it.  The  waters  of 
both  the  sandstone  and  limestone  are  generally  hard,  though  in  some 
cases  they  are  pure.     They  have  seldom  been  used  for  brines. 

Overlying  the  Parma  is  a  series  of  shales,  sandstones,  coal,  fine  chiys, 
iron  ores,  etc.,  yielding  nmch  water  of  a  highly  mineralized  charai'ter 
and  frequently  of  medicinal  value.  Wells  are  very  numerous  through- 
out the  region. 

MINERAL   SrillNGS. 

The  following  28  springs  reported  sales  in  11>02,  amounting  to 
8,t>53,()i)0  gallons,  with  a  value  of  $275,7t>3.« 

Alma-Bromo  Spring,  Alma,  Gratiot  County. 
Andrews  Magnetic  Mineral  Springs,  St.  Louis,  (iratiot  County. 
Bronio-Hygeia  Mineral  Well,  Coldwater,  Branch  County. 
Clementine  Sprintj,  Mount  Clemens,  Macomb  County. 
Cooper  Farm  Spring,  Birmingham,  Oakland  County. 
Kai^tman  Mineral  Springs,  Benton  IIarl)or,  lierrien  (\)unty. 
I^l  Cajon  Mineral  Springs,  El  Cajon  Beach,  Alpena  County. 


apcttle,  A.  C,  Mineral  Resources  U.  S.  for  1902,  U.  S.  Oeol.  Survey,  1904,  p.  996. 
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Frankfort  Springs,  Frankfort,  Benzie  County. 

Magnetic  Mineral  Spring,  Spring  Lake,  Ottawa  County. 

Midland  Mineral  Springs,  Midland  City,  Midland  County. 

Moorman  Springs,,  Ypeilanti,  Washtenaw  County. 

Mount  Clemens  Sprudel  Water,  Mount  Clemens,  Macomb  County. 

No-che-mo  Mineral  Spring,  Reed  City,  Osceola  County. 

Original  Mount  Clemens  Mineral  Spring,  Mount  Clemens,  Macomb  County. 

Pagoda  Spring,  Mount  Clemens,  Macomb  County. 

Plymouth  Rock  Well,  Plymouth,  Wayne  County. 

Ponce  de  Leon  Springs,  Paris  Township,  Kent  County. 

Premier  (formerly  Excelsior)  Mineral  Springs,  Benton  Harbor,  Berrien  County. 

Prosit  Flowing  Well,  Oak  Grove,  Flint,  Genesee  County. 

Red  Cross  Mineral  Well,  Big  Rapids,  Mecosta  County. 

Royal  Oak  Mineral  Springs,  Royal  Oak,  Oakland  County. 

Salutaris  Spring,  St.  Clair  Springs,  St  Clair  County. 

Sanator,  formerly  Americanus  Well,  Lansing,  Ingham  County. 

Sterling  Spring,  Crystal  Falls,  Iron  County. 

Victory  Springs,  Mount  Clemens,  Macomb  County. 

Welcome  Island  Lithia  Springs,  near  Pontiac,  Oakland  County. 

W^urtzePs  Mineral  Spring,  Thomastown,  near  Frost,  Saginaw  County. 

Zauber  Wasser  Springs,  Hudson,  Lenawee  County. 

PRINCIPAIi  PUBUCATION8. 

Mineral  springs  of  the  United  States,  by  A.  C.  Peale:  Bull.  U.  S.  Geol.  Survey  No.  32, 
pp.  145-150. 

Water  resources  of  the  Lower  Peninsula  b(  Michigan,  by  A.  C.  Lane:  Water-Supply 
and  Irrig.  Paper  U.  S.  Geol.  Survey  No.  30,  1899. 

Lower  Michigan  mineral  waters,  by  A.  C.  Lane:  Water-Supply  and  Irrig.  Paper  U.  S. 
Geol.  Survey  No.  31,  1889. 

Preliminary  list  of  deep  borings  in  the  United  States,  pt  1,  by  N.  H.  Darton:  Water- 
Supply  and  Irrig.  Paper  U.  S.  Geol.  Survey  No.  57,  pp.  51-54. 

Michigan  [well  records],  by  W.  F.  Cooper:  Water-Supply  and  Irrig.  Paper  U.  S. 
Geol.  Survey  No.  102,  pp.  489-512. 
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ILLINOIS. 


By  Frank  Leverett. 


INTRODUCTORY  STATEMENT. 

This  brief  discussion  of  water  conditions  in  Illinois  is  restricted 
chiefly  to  the  relative  value  of  the  several  geologic  formations  as 
water-bearers.  Several  other  topics  relating  to  water  conditions, 
namely,  rainfall,  drainage  basins,  run-oflf  and  regimen  of  streams,  navi- 
gation, water  power,  city,  village,  and  rural  water  supply,  artesian 
wells,  and  water  analyses  have  been  discussed  by  the  author  in  some 
detail  in  earlier  reports  of  this  SuiTey.**  A  chemical  survey  of  the 
water  supplies  of  Illinois  is  the  topic  of  a  report  of  98  pages  by  Dr. 
A.  W.  Palmer,  issued  by  the  University  of  Illinois  in  1897,  and  a 
later  report  of  254  pages  by  the  same  author  giving  the  results  of 
several  thousand  analyses  has  been  issued  by  the  University  within 
the  last  year. 

GEOIiOGIC  COIjITMN. 

The  rock  formations  either  exposed  or  within  reach  of  the  wells  of 
Illinois  extend  through  the  Paleozoic  series  from  the  Cambrian  to  the 
later  part  of  the  Carboniferous,  including  perhaps  the  Permian,  as 
indicated  in  the  table  on  page  249.  There  is  then  a  wide  gap,  the  next 
formation  being  the  Cretaceous,  which  has  been  found  to  underlie  the 
Ohio  River  at  Cairo,  but  is  not  known  to  be  exposed  in  the  State.*  On 
the  borders  of  the  Ohio  in  southern  Illinois  are  deposits  of  Tertiary 
age,  consisting  mainly  of  clay,  micaceous  sand,  and  a  ferruginous, 
pebbly  conglomerate.  These  deposits  are  probably  separated  from  the 
Cretaceous  by  an  interval  of  some  consequence,  and  are  known  to  be 
separated  from  the  next  later  formation  developed  in  Illinois,  the  Pleis- 
tocene, by  a  wide  interval.  In  the  table  on  page  249  the  several  drift 
sheets  of  the  Pleistocene  are  presented  because  these  divisions  of  the  drift 
are  of  importance  in  discussing  the  water  conditions.  They  shotdd  not, 
however,  be  given  the  rank  of  the  divisions  in  the  Paleozoic  series, 
The  table  begins  with  the  newest  formation  and  extends  to  the  oldest, 

a  Water  resources  of  nilnoia,  Seventeenth  Ann.  Kept.  U.  8.  Geol.  Survey,  pt  2, 1896,  pp.  696-«l9. 
The  niinois  Glacial  lobe,  Mon.  U.  S.  Qeol.  Survey,  vol.  88, 1899,  817  pp. 

frNlckles.  J.  M.,  Report  of  Illinois  Board  of  World's  Fair  Commissioners,  p.  217,  Springfield,  1896. 
H.  W.  Rokker,  State  printer. 
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this  being  the  order  in  which  they  are  met  by  the  drill.  The  extent  of 
the  several  formations  which  lie  beneath  the  Coal  Measures  has  not 
been  tested  by  a  sufficient  number  of  borings  to  pepmit  even  approxi- 
mate calculations.    The  figures  given  are  largely  conjectural. 

Geologic  column  of  Tllhwis. 


Formation. 


Wisconsin  drift  sheet  (Pleistocene) 

lowan  drift  sheet  and  main  loess  deposit  (Pleistocene) 

lUinoian  drift  sheet  (Pleistocene) 

Kansan  drift  sheet  (Pleistocene) 

Pre-Ransan  drift  sheet? (Pleistocene) 

Tertiary  deposits  (perhaps  of  two  or  more  epochs) 

Cretaceous  deposits 

Permian  beds? 

Upper  Coal  Measures  (Carboniferous) 

Lower  Coal  Measures  (Carboniferous) 

Conglomerate  sandstone  (Carboniferous) 

Chester  group  (Carboniferous) 

St.  Louis  group  (Carboniferous) 

Keokuk  group  (Carboniferous) 

Augusta  or  Burlington  limestone  (Carboniferous) 

Kinderhook  group  (Carboniferous) 

Black  slate  (Devonian) 

Hamilton  limestone  (Devonian) 

Comiferous  limestone  (Devonian) 

Oriskany  sandstone  (Devonian) 

Niagara  group  (Silurian) 

Hudson  River  group  (Ordovician) 

Trenton  group  (Ordovician) 

St.  Peter  sandstone  (Ordovician) 

Lower  Magnesian  limestone  (Cambrian) 

Potsdam  sandstone  (Cambrian) 


Extent  In 
State. 

Thickness. 

Square  miles. 

Feet. 

19,000 

5-200 

045,000 

5-60 

53,000 

10-200 

dbl,800 

±10-100 

? 

? 

700 

±10-100 

dblO 

? 

? 

? 

19,000 

±10-700 

36,000 

±10-1,000 

±30,000 

20-500 

±15,000 

10-800 

±30,000 

20-250 

±30,000 

100-200 

±30,000 

25-200 

±30,000 

50-330 

±35,000 

10-60 

±35,000 

10-120 

? 

5-25 

? 

40-200 

±45,000 

70-400 

±48,000 

40-275 

±55,000 

45-^50 

±55,990 

40-420 

56,000 

±200-1,000 

56,000 

±300-1,000 

a  The  loem  covered  all  of  Illinois  outside  the  lowan  drift,  but  was  in  part  taken  up  by  the  Wisconsin 
ice  sheet. 

The  entire  thickness  of  the  Paleozoic  series  of  rocks  ranges  prob- 
ably from  a  little  more  than  2,(X)0  to  possibly  6,000  feet.  Two  borings 
just  outside  the  State  at  Burlington,  Iowa,  and  St.  Louis,  Mo.,  are 
reported  to  have  reached  pre-Cambrian  rocks  at  2,400  and  3,800  feet, 
respectively.  So  far  as  known  to  the  writer  no  wells  in  the  State 
have  reached  the  bottom  of  the  Paleozoic  system,  though  several  have 
been  sunk  to  depths  of  more  than  3,000  feet.     One  at  Aledo,  only  a 
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few  miles  from  the  Burlington  well,  terminated  in  Potsdam  sandstone 
at  a  depth  of  3,115  feet,  and  one  at  the  Jacksonville  waterworks  has  a 
depth  of  3,028  feet.  Probably  the  deepest  boring  in  the  State  is  one 
at  St.  John,  Perry  County,  which  reached  a  depth  of  3,750  feet,  and 
may  not  have  entered  the  Potsdam  sandstone. 

PRINCIPAI.  WATER-BEARING  FORMATIONS. 

Potsdam  sandMon^e, — The  Potsdam  sandstone  is  by  far  the  most 
capacious  water-bearing  formation  in  the  State.  It  is  a  porous  rock, 
and  as  it  is  very  thick  and  outcrops  over  a  large  area  in  Wisconsin, 
the  intake  is  sufficient  to  give  an  unlimited  supply  of  water  to  wells 
which  reach  this  formation  in  Illinois.  It  is,  however,  within  easy 
reach  of  wells  only  in  a  few  counties  in  the  northern  and  western  por- 
tions of  the  State.  In  the  northern  part  it  has  been  reached  by 
numerous  wells  as  far  south  as  Illinois  River  and  is  probably  within 
reach  of  wells  in  the  portion  of  the  State  west  of  the  south-flowing 
part  of  the  river.  On  the  north  }x)rder  of  the  State  the  water  is  suf- 
ficiently fresh  in  most  eases  to  be  suitable  for  drinking,  but  upon 
passing  southward  it  becomes  brackish  and  in  many  cases  unsuitable 
for  domestic  use. 

St,  Petd'  mndntone, — Next  after  the  Potsdam  sandstone  should  be 
mentioned  the  St.  Peter  sandstone,  which  is  the  source  of  supply  for 
a  large  number  of  artesian  wells  in  the  northern  and  western  parts  of 
the  State.  The  quality  of  water  obtained  from  it  is  usually  good,  and 
is  adequate  to  the  needs  of  the  smaller  cities  and  towns.  But  in  the 
larger  cities,  especially  in  Chicago,  it  can  scarcely  furnish  the  amount 
of  water  needed,  and  for  that  reason  many  wells  have  been  sunk  to  the 
Potsdam  formation.  The  porous  or  water-bearing  portion  of  the 
formation  varies  from  a  thickness  of  40  feet  up  to  150  feet  or  more. 

In  several  instances  wells  have  obtained  good  supplies  of  water  from 
the  sandstone  beds  which  appear  in  the  Lower  Magnesian  formation 
between  the  Potsdam  and  St.  Peter  sandstone.  It  is  found  that  this 
formation  is  made  up  more  largely  of  sandstone  beds  in  northern  Illi- 
nois than  in  the  region  of  outcrop  in  Wisconsin,  as  may  be  seen  by 
records  of  wells  published  in  the  reports  by  the  author  above  cited. 

GaUim  limestone, — The  Galena  limestone  is  very  largely  of  porous 
rock,  and  in  the  region  of  outcrop  in  northern  Illinois  is  a  good  water- 
bearer.  The  drill  has  shown  that  parts  of  it,  buried  deeply  beneath 
later  formations  in  western  Illinois,  will  yield  strong  artesian  wells,  so 
that  it  is  unnecessary  at  such  points  to  sink  to  the  St.  Peter  or  lower 
formations. 

Niagara  limestone, — ^The  Niagara  limestone  is  another  great  water- 
bearer,  not  only  in  northern  Illinois,  where  it  immediately  underlies 
the  drift,  but  often  also  when  under  the  cover  of  other  rocks.  The 
water  seems  in  many  cases  to  be  traversing  the  formation  in  streams 
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or  veins,  probably  along  fissures,  and  the  depth  to  these  veins  may 
vary  greatly  in  neighboring  wells.  The  fissures  were  probably  opened 
widely  by  atmospheric  action  before  the  formation  was  buried  beneath 
the  drift  or  older  rocks.  An  objectionable  feature  of  many  wells 
obtaining  water  from  the  Niagara  limestone  is  the  presence  of  sulphu- 
reted  hydrogen,  formed  from  the  decomposition  of  pyrites  present 
in  the  limestone.  There  are,  however,  numerous  wells  in  which  this 
is  not  a  pronounced  feature,  and  the  water  is  otherwise  palatable  and 
wholesome. 

Devonicm  limestones, — ^The  Devonian  limestones  are  ordinarily  poor 
water-bearers  compared  with  the  Niagara  limestone,  yet,  in  certain 
localities,  they  afford  sufficient  water  to  supply  local  needs.  Their  out- 
crop is  also  much  more  restricted  than  that  of  the  Niagara,  being  con- 
fined to  small  areas  in  the  western  and  southern  parts  of  the  State. 

St.  Louis  limestone, — ^The  limestone  formations  of  earlier  Carbonif- 
erous age  have  outcrops  over  several  counties  in  western  and  southern 
Illinois,  and,  though  not  great  water-bearers,  are  drawn  upon  largely 
where  the  glacial  deposits  are  either  wanting  or  are  too  thin  to  supply 
the  water. 

Chester  sandstone, — The  Chester  group  of  southern  Illinois  contains 
sandstones  which  are  generally  good  water  bearers,  but  their  outcrop 
is  limited  and  they  soon  pass  to  so  great  a  depth  as  to  make  drilling  to 
them  expensive.  The  water  in  the  deep-lying  beds  is  also  liable  to  be 
brackish  or  unsuitable  for  domestic  use. 

^*  Conglomerate'''*  sandstone, — The  *' Conglomerate  "  sandstone  which 
underlies  the  Coal  Measures  in  central,  eastern,  and  southern  Illinois 
is  not  likely  to  become  a  valuable  source  of  water  for  domestic  use,  for 
it  is  a  very  thin  formation  in  the  northern  part  of  its  field,  and  where 
thick  in  the  southern  part  is  generally  buried  deeply  under  Coal  Meas- 
ures.    In  the  latter  situation  it  is  usually  charged  with  salt  water. 

Coal  Measures, — The  sandstone  beds  of  the  Upper  and  Lower  Coal 
Measures  constitute  probably  half  the  thickness  of  the  formations,  and 
they  are  generally  permeated  with  water  which,  however,  is  suitable  for 
domestic  use  only  at  a  few  horizons,  usually  within  200  feet  of  the  sur- 
face, for  at  other  horizons  and  at  greater  depth  there  are  often  either 
salt  or  sulphates  to  render  the  water  objectionable.  These  formations, 
however,  usually  supply  the  needs  of  residents  in  places  where  the 
drift  cover  does  not  furnish  a  sufficient  amount  of  water. 

Tertiary  deposits, — ^The  Tertiary  deposits  are  of  limited  extent  and 
shallow  depth  and  afford  a  very  unimportant  part  of  the  water  supplies 
of  the  State.  In  the  region  where  they  occur  wells  are  often  sunk  to 
the  underlying  limestone. 

Glacial  deposits, — The  glacial  deposits  are  probably  more  often 
drawn  upon  than  all  other  formations  combined,  for  they  are  surface 
formations  and  the  water  is  reached  by  wells  of  moderate  depth  such  as 
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nearly  every  resident  can  afford.  There  are  probably  more  than  a  half 
million  wells  in  these  deposits.  The  complexity  of  the  glacial  forma- 
tions, however,  is  such  that  in  a  large  part  of  the  glaciated  area  it  is 
diflScult  to  forecast  the  results  of  boring  into  them.  It  is  estimated 
that  about  70  per  cent  of  the  glacial  drift  is  a  compact  clayey  material 
affording  very  little  water,  except  by  slow  seepage.  The  remaining 
30  per  cent*would,  if  distributed  to  the  best  advantage,  be  adequate  to 
the  needs  of  residents.  But  unfortunately  there  are  tracts  of  con- 
siderable extent  in  which  the  drift  is  almost  wholly  of  a  clayey  constitu- 
tion, while  other  tracts  have  a  superabundance  of  water-bearing 
material.  A  somewhat  detailed  study  of  these  deposits  has  shown 
that  the  distribution  of  the  sand  and  gravel  beds  depends  to  a  large 
degree  upon  the  drainage  conditions  attending  the  melting  of  the  ice. 
In  the  repeated  advances  which  the  ice  made  into  this  region  the  sand 
and  gravel  beds  distributed  by  the  water  from  the  melting  of  a  given 
ice  sheet  were  overridden  and  buried  deeply  in  places  by  the  deposits 
from  a  later  ice  sheet.  Then,  too,  there  appear  to  have  been  minor 
oscillations  of  the  ice  front  in  each  stage  of  glaciation  by  which  sand 
and  gravel  beds,  which  had  been  spread  out  at  the  edge  of  the  ice  sheet, 
were  covered  by  clay  deposits  laid  down  during  the  readvance  of  the 
ice.  In  western  and  southern  Illinois  the  sand  and  gravel  found  in  the 
drift  seem  to  have  been  deposited  as  the  result  of  these  minor  fluctua- 
tions, for  they  are  distributed  in  very  irregular  and  limited  areas.  In 
central,  eastern,  and  northeastern  Illinois  there  are,  in  addition  to  such 
beds,  more  extensive  ones  lying  between  the  main  drift  sheets.  It  is 
also  found  that  throughout  the  State  a  large  amount  of  sand  and  gravel 
and  abundance  of  water  are  usually  found  along  the  line  of  pre  Glacial 
valleys.  In  the  northern  part  of  the  State,  north  from  a  line  running 
from  Rock  Island  to  Watseka,  there  is  a  large  amount  of  gravelly  and 
sandy  drift  at  or  near  the  surface.  Farther  south  the  surface  sand 
and  gravel  are  generally  restricted  to  the  valleys  of  the  main  drainage 
lines.  PI.  XVI  indicates  the  relation  of  the  drift  to  the  wells.  It  shows 
the  areas  in  which  wells  are  obtained  almost  wholly  from  the  drift, 
areas  in  which  drift  and  rock  wells  are  each  used  extensively,  and 
areas  in  which  it  is  generally  necessary  to  go  into  the  rock  to  obtain 
water.  There  are  many  weak  wells  within  the  areas  of  thick  drift, 
but  in  the  great  majority  of  cases  farmers  have  penetrated  to  water- 
l>earing  beds  or  veins,  which  afford  an  adequate  supply. 

liOCAtilTIES  FAV^ORABIiE  FOR  ARTE8IAK  WEULS. 

Artesian  wells  as  here  discussed  include  only  wells  which  overflow, 
whether  from  the  rock  or  from  the  glacial  formations.  It  should  be 
understood,  however,  that  a  large  number  of  wells  not  classed  as  arte- 
sian are  under  the  same  hydrostatic  pressure  as  those  that  flow  and 
the  water  rises  to  a  similar  altitude  above  sea  level. 
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The  artesian  wells  obtained  from  the  several  rock  formations  in 
northern  and  western  Illinois  must  generally  be  situated  on  groimd 
less  than  700  feet  above  sea  level,  for  it  is  well  established  that  water 
will  not  rise  above  that  height,  except  in 
the  extreme  northern  part  of  the  State  or 
in  localities  where  the  greater  head  is  ob- 
tained from  drift  formations,  which  consti- 
tute the  main  source  of  supply  for  the 
wells.  In  southwestern  and  southern  Illi- 
nois the  ground  must  be  considerably  lower 
than  in  northern  and  western  Illinois  to 
obtain  a  flow.  In  the  latitude  of  St.  Louis, 
and  south  from  there,  the  head  is  gener- 
ally as  low  as  500  feet  above  tide,  and  flows 
are  obtained  only  at  a  few  points,  there 
being  a  less  uniform  head  or  hydrostatic 
pressure  than  in  the  northern  and  western 
parts  of  the  State.  The  most  favored  part 
of  the  State  for  deep  artesian  wells  is  that 
lying  north  and  west  of  Illinois  Kiver. 
The  following  section  (fig.  40)  is  along  a 
line  from  Wisconsin  River  in  western  Wis- 
consin southward  to  Cap  au  Gres  near 
the  mouth  of  Illinois  River  through  a  re- 
gion where  artesian  wells  are  very  success- 
ful. It  will  be  observed  that  northward 
from  Aledo  the  section  shows  but  one  shale 
bed — the  Hudson — and  this  is  wanting 
north  of  Galena,  but  south  from  Aledo  the 
Kinderhook,  Devonian,  and  Coal  Measures 
shales  comprise  a  considerable  portion  of 
the  section.  It  is  thought  that  the  intake 
is  not  restricted  to  the  outcrop  of  the  sand- 
stone in  Wisconsin,  but  that  the  limestones 
and  other  pervious  beds  farther  south  take 
in  a  large  amount  of  water. 

There  are  only  a  few  small  areas  in  Illi- 
nois in  which  the  drift  furnishes  flowing 
wells.     These  areas  are  usually  on  the 
.slopes  of  moraines,  or  along  valleys   in 
which  there  is  a  thick  filling  of  drift.     The 
intake  appears  to  be  on  the  moraines  or        g 
possibly  on  outlying  gravel  plains  in  the        ** 
first  instance,  and  on  higher  ground  bordering  valleys  in  the  second 
instance.     In  these  wells,  as  in  those  which  obtain  their  supply  from 
the  rock,  the  rise  of  water,  or  hydrostatic  pressure,  is  in  many  cases 
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no  greater  than  in  neighboring  wells  that  do  not  overflow,  the  overflow 
being  due  to  the  low  altitude  of  the  surface.  The  largest  flowing 
well  district  is  in  a  basin  lying  on  the  north  slope  of  a  morainic  sys- 
tem in  Iroquois  County  and  border  portions  of  adjacent  counties  in 
eastern  Illinois,  and  comprises  an  area  of  about  500  square  miles. 
There  is  a  smaller  district  with  exceptionally  strong  flows  around  Poto- 
mac, in  northern  Vermilion  County.  Other  small  districts  occur  near 
Plattville,  in  Kendall  County;  near  Earlville,  in  northern  Lasalle 
County;  near  Sycamore,  in  northern  Dekalb  County;  near  Palatine,  in 
northern  Cook  County,  and  along  Salt  Creek  Valley,  in  northern  Cook 
and  eastern  Dupage  County.  There  are  a  few  flowing  wells  along  the 
north  fork  of  Chicago  River,  in  northern  Cook  and  southern  Lake 
counties.  Flowing  wells  are  also  common  in  low-lying  tracts  among 
moraines  of  Lake,  McHenry,  and  Kane  counties.  The  combined  area 
of  all  these  small  districts  will  probably  not  greatly  exceed  that  of  the 
Iroquois  district  (500  square  miles).  Occasional  flowing  wells  are 
scattered  over  the  centml  part  of  the  State,  chiefly  along  river  valleys, 
and  there  are  very  few  in  the  western  and  southern  portions  in  similar 
situations. 

WATERS  IN  REIiATION  TO  HABITATION. 

The  census  of  1900  gives  Illinois  a  population  of  4,821,550,  which 
warrants  the  assumption  of  a  present  population  of  about  5,000,000. 
About  half  of  this  population  derives  the  supply  for  drinking  and  many 
other  domestic  uses  from  surface  water.  Lake  Michigan  furnishing 
water  for  the  2,000,000  or  more  people  of  Chicago,  and  several  other 
small  cities  along  the  lake,  and  the  streams  of  the  State  furnishing  a 
supply  for  about  300,000  people  living  in  the  small  cities  and  villages. 
It  is  estimated  that  about  a  half  million  people  obtain  their  drinking 
water  from  wells  of  considerable  depth.  There  thus  remains  about 
2,000,000  people  who  are  supplied  from  wells  of  shallow  depth.  A 
small  part  of  the  population,  residing  principally  in  the  driftless  parts 
of  the  State,  depend  entirely  upon  rain  water  collected  in  cisterns,  and 
i-ain  water  is  used  to  a  small  extent  in  every  community  throughout 
the  State  for  drinking  water,  and  is  used  extensively  for  other  domes- 
tic purposes.  "Spring  water  is  also  in  use  to  a  very  limited  extent 
throughout  the  State. 

The  chemical  survey  of  the  waters  of  the  State  instituted  at  the 
University  of  Illinois  in  1895,  and  conducted  by  Prof.  A.  W.  Palmer, 
has  called  attention  to  the  quality  of  the  water  from  the  several  sources 
in  use.  Up  to  the  present  time  about  11,000  sanitary  analyses  and  500 
mineml  analyses  have  been  made,  representing  conditions  in  100  of  the 
102  counties  and  about  500  cities,  villages,  and  hamlets.     From  the 


Digitized  by  VjOOQIC 


LEVXRETT.]  ILLINOIS.  255 

latest  report,**  covering  the  period  1897  to  1902,  inclusive,  the  follow- 
ing results  of  the  survey  are  taken.  The  i*ain  water  in  use  by  the  res- 
idents is  seldom  properly  filtered  and  the  ordinary  cistern  filter,  *'as 
commonly  managed  or  rather  neglected,  frequently  is  almost  worse 
than  useless,  inasmuch  as  it  soon  becomes  surcharged  with  matters 
which  it  has  removed  from  some  of  the  water,  and  then,  instead  of 
purifying  the  water  that  subsequently  passes  through,  often  becomes  a 
source  of  offense  if  not  of  danger." 

"In  general,  water  taken  from  lakes,  from  streams,  or  from  the 
ground,  when  these  sources  of  supply  are  in  their  original  or  natural 
condition,  is  perfectly  wholesome  and  unobjectionable,  but  with 
increasing  population  and  longer  occupancy  of  the  ground  the  condi- 
tions change  and  contamination  becomes  inevitable."  For  this  reason 
Professor  Palmer  remarks  that  it  would  be  best  for  even  the  people  of 
the  smallest  towns  to  use  for  drinking  purposes  only  the  water  supplied 
by  one  general  plant,  the  sanitary  condition  of  which  could  and  should 
be  thoroughly  and  periodically  investigated  by  experts  acting  under 
the  direction  of  a  water  commission  or  the  State  board  of  health. 

This  chemical  survey  has  shown  that  the  normal  shallow  drift  waters 
contain  chlorides,  sulphates,  carbonates,  and  silicates  of  calcium,  mag- 
nesium, potassium,  and  sodium,  with  minute  quantities  of  iron  and 
aluminum  compounds,  together  with  considerable  quantities  of 
nitrates,  but  only  minute  quantities  of  saline  ammonia  and  albuminoids; 
organic  matters  are  almost  entirely  absent;  nitrites  are  frequently 
present  in  notable  quantity.  The  normal  deep  drift  waters  contain 
in  general  the  same  mineral  salts  as  the  shallow  waters,  but  usually 
the  quantity  of  iron  is  considei'able,  and  the  nitrates  are  either  entirely 
absent  or  present  in  but  minute  quantity,  while  free  ammonia  is  abun- 
dant and  albuminoids  are  present  in  considerable  quantities.  ' '  Oxygen 
consumed"  is  high,  and  the  water  residue  blackens  upon  being  heated, 
showing  that  it  contains  much  organic  matter.  The  waters  from  shal- 
low wells  are  well  aerated  and  are  clear,  sparkling,  cool,  and  of  agree- 
able taste;  those  from  the  deeper  wells  contain  little  or  no  oxygen, 
possess  in  many  cases  a  disagreeable  taste,  due  to  the  presence  of  marsh 
gas,  accompanied  occasionally  by  minute  quantities  of  sulphureted 
hydrogen,  and  are  either  turbid  or  become  turbid  quickly  on  exposure 
to  air,  owing  to  the  oxidation  of  the  iron  carbonate  which  they  contain 
and  the  consequent  precipitation  of  insoluble  ferric  compounds. 

*^  Although  these  unpleasant  characteristics  of  the  deep  drift  waters 
give  rise  to  much  prejudice  and  objection  to  their  general  use  for 
drink,  nevertheless,  from  the  sanitary  standpoint  they  are  usually  to 

a  Chemical  Survey  of  the  Waters  of  nUnois.    Report  for  the  years  1897-1902,  by  Arthur  WilUam 
Fialmer.    PabUahed  by  the  Unlyeitity,  1906, 254  pages. 
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be  preferred  to  the  clear  and  palatable  waters  of  the  shallow  wells, 
since  the  evidence  of  numerous  analyses  shows  that  they  are  less  sub- 
ject to  pollution  with  refuse  animal  matters  than  are  the  latter,  while 
the  organic  matters  which  they  contain  are  derived  from  buried 
vegetable  remains  and  are  comparatively  hannless.** 

MINERAIi  SPRINGS. 

Though  not  so  abundant  as  in  more  rugged  areas,  springs  are  never- 
theless numerous  in  Illinois.  Those  of  the  drift  are  probably  the 
most  abundant  numerically,  but  the  individual  springs  are  generally 
small,  sometimes  being  mere  seeps.  Such  waters  vary  in  character 
according  to  the  constitution  of  the  drift,  but  in  general  they  are  hard, 
and  frequently  carry  considerable  iron  in  solution.  In  the  Coal  Meas- 
ure rocks  they  are  very  often  highly  charged  with  iron  sulphate 
or  carbonate,  salt,  hydrogen  sulphide,  etc.,  while  in  the  limestone  the 
waters  are  generally  very  hard.  Springs  are  numerous,  and  sometimes 
of  considerable  size  in  the  limestones  and  older  sandstones,  especially 
along  the  bluffs  of  Mississippi  River. 

A  considerable  number  of  the  mineral  springs  are  the  sites  of  resorts 
of  more  or  less  importance.  Many  report  sales  of  water  for  medicinal 
or  table  purposes.  The  22  springs  reporting  to  the  United  States 
Geological  Survey  in  1902  are  as  follows:* 

Abana  Spring,  Libertyville,  Lake  County. 

Anna  or  Cave  Mineral  Springs,  Anna,  Union  County. 

Aqua  Vita}  Mineral  Springs,  near  Maquon,  Knox  County. 

Aurora  Lithia  Spring,  Montgomery,  Kane  County. 

Black  Hawk  Springs,  Rock  Island,  Rock  Island  County. 

Blue  Grass  Springs,  Montgomery,  Kane  County. 

Cumberland  Mineral  Spring,  near  Greenup,  Cumberland  County. 

Deer  Lick  Mineral  Spring,  Dearfield,  Lake  County. 

Diamond  Mineral  Spring,  Grantfork,  Madison  County. 

Elmhurst  Mammoth  Spring,  Elmhurst,  Dupage  County. 

Glen  Flora  Mineral  Springs,  Waukegan,  Lake  County. 

Gravel  Springs,  near  Jacksonville,  Morgan  County. 

Macinac  Mineral  Spring,  Woodford  County,  near  Carlock. 

Magnesia  Spring,  Montgomery,  Kane  County. 

Min-ni-Ni  yan  Spring,  Bristol,  Kendall  County. 

Mokena  Mineral  Spring,  Mokena,  Will  County. 

Original  Springs,  Okawville,  Washington  County. 

Perry  Mineral  Springs,  Perry  Springs,  Pike  County. 

Red  Avon  Mineral  Spring,  Avon,  Fulton  County. 

Sanicula  Springs,  Ottawa,  Lasalle  County. 

Sylvan  Dell  Spring,  Galewood,  Cook  County. 

White  Diamond,  formerly  Spouting  Mineral  Spring,  South  Elgin,  Kane  County. 

a  Chemical  Survey  of  the  Waters  of  Illinois.    Report  for  the  years  1897-1902,  by  Arthur  WlllJaza 
Palmer.    Poblished  by  the  Uniyenlty,  1906,  pp.  a-9. 
frPeale,  A.  C,  Mineral  Resources  U.  S.  for  1902,  U.  8.  Geol.  Suryey,  1901,  p.  996. 
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The  aggregate  sales  of  these  22  springs  are  given  as  1,767,955 
gallons,  with  a  value  of  $89,565. 

PRINCIPAIj  PUBIilCATIONS. 

MiDeral  springs  of  the  United  States,  by  A.  0.  Peale.    Bull.  U.  S.  Geol.  Survey 

No.  32,  pp.  142-144. 
Preliminary  list  of  deep  borings  in  the  United  States,  pt.  1,  by  N.  H.  Darton: 

Water-Supply  and  Irrig.  Paper  U.  S.  Geol.  Survey  No.  57,  pp.  25-30 
Water  resources  of  Illinois,  by  Frank  Leverett:  Seventeenth  Ann.  Rept  U.  S.  Geol. 
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By  Frank  Leverett. 


rNTRODUCTORY   STATEMENT. 

This  brief  discussion  of  water  conditions  in  Indiana,  like  that  of 
Illinois,  is  restricted  chiefly  to  the  relative  value  of  the  several  geo- 
logic formations  as  water  bearers.  A  more  detailed  discussion  of 
drainage  systems,  underground  waters,  mineral  springs,  and  water 
supplies  for  cities  and  villages  will  be  found  in  a  paper*  by  the  author 
which  appears  in  the  Eighteenth  Annual  Report  of  the  United  States 
Geological  Survey  (pp.  425-559)  and  a  discussion  of  the  wells  of 
Indiana,  taken  up  county  by  county,  in  Water  Supply  and  Irrigation 
papers  Nos.  21*  and  26.^  The  geologic  structure  of  Indiana  has 
been  discussed  in  part  or  as  a  whole  in  several  of  the  reports  of  the 
State  geological  survey,  but  except  the  very  excellent  discussion  of  min- 
eral waters  in  the  Twenty -sixth  and  Twenty -seventh  Annual  Reports, 
the  State  reports  contain  little  information  concerning  water  supplies. 
A  paper  on  the  "Natural  Gas  Field  of  Indiana,"  by  A.  J.  Phinney, 
in  the  Eleventh  Annual  Report  of  the  United  States  Geological  Survey 
(pp  509-742),  presents  many  data  concerning  water  supplies. 

GEOIiOGIC  COIiUMX. 

The  formations  exposed  in  Indiana  extend  with  but  slight  breaks 
from  the  Hudson  River  group  to  the  Coal  Measures.  There  is  then  a 
wide  gap,  the  next  formation  being  of  Tertiary  (?)  age,  after  which 
another  interval  appears  between  the  Tertiary  (?)  and  the  glacial  forma- 
tions. The  table  on  page  259  gives  the  formations  penetrated  by  the 
drill,  beginning  with  the  newest  and  extending  to  the  oldest.  It  also 
includes  the  formations  below  the  Hudson  River  group  which  have 
been  reached  by  the  drill. 

a  Water  resources  of  Indiana  and  Ohio, 
b  Welln  of  northern  Indiana. 
c  Wells  of  Bouthem  Indiana. 
258 


Digitized  by  VjOOQIC 


LBVEBETT.] 


INDIANA. 


259 


Generalized  section  of  the  rock  formations  of  Indiana, 

[Modified  from  section  of  A.  J.  Phinney  in  the  Eleventh  Annual  Report  of  the  U.  S.  Geological 

Survey,  pp.  624-626.] 


Recent  deposits,  alluvium,  peat,  marl,  etc 

Wisconsin  drift  sheet  (Pleistocene) 

Loess,  marl  loess,  white  clay,  etc.  (Pleistocene) 

Illinoian  drift  sheet  (Pleistocene) 

Kansan  and  pre-Kansan  drift  sheets  (?)  (Pleistocene) 

Tertiary  (?)  deposits  (age  undetermined ) 

Upper  Coal  Measures  (Carboniferous) 

Middle  Coal  Measures  (Carboniferous) 

Lower  Coal  Measures  and  Conglomerate  (Carboniferous) 

Chester  group  (Carboniferous) 

St.  Louis  group  (Carboniferous) '. 

Keokuk  group  (Carboniferous) 

Knobstone  and  Waverly  (Carboniferous) 

Black  shale  (Devonian) 

Brown  shale  (Devonian) 

Hamilton  limestone  and  shale  (Devonian) 

Upper  Helderberg  (Devonian) 

Schoharie  (?)  (Devonian) 

Lower  Helderberg  (Silurian) 

Waterlime  (Silurian) 

Niagara  group  (Silurian) 

Clinton  group,  limestone  and  shale  (Silurian) 

Medina  (?)  (Silurian) 

Hudson  River  group  (Ordovician) 

TJtica  shale  (Ordovician) 

Trenton  group  (Ordovician) 

St.  Peter  (Ordovician) 

Ix)wer  Magnesian  (Cambrian) 

Potsdam  sandstone  (Cambrian) 


Thickness. 

Feet. 

5-50 
5-250 

5-50 
5-250 

(?) 

5-50 

50-195 

600-888 

60-210 

0-74 

0-330 

6-106 

42-532 

70-120 

25-47 

47 

5-^ 

14-20 

25-230 

65-150 

52-480 

46 

60 

260-860 

0-300 

486-525 

150-224 

400db 

323-f 


PRINCIPALi  WATER-BKARING  FORMATIONS. 

St.  Peter  sandstone. — The  St.  Peter  sandstone,  in  the  Indiana  field, 
usually  is  a  calcareous,  loose-textured  rock,  saturated  with  salt  water, 
containing  more  or  less  sulphate  of  magnesia  and  sulpureted  hydrogen. 
It  may,  however,  be  potable  in  the  extreme  northwest  part  of  the  State. 

Trenton  limestone, — ^The  porous  portion  of  the  Trenton  limestone, 
except  in  parts  of  the  State  where  it  cames  natural  gas  and  oil,  is 
also  saturated  with  salt  water,  the  water  taking  the  place  of  the  gas  and 
oil  as  the  latter  become  exhausted  by  pumping. 
IRB  114—06 18 
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Hudson  beds, — The  Hudson  group  is  a  very  poor  water  bearer,  l>eing 
composed  largely  of  shale.  It  is  used  to  a  limited  extent,  however,  at 
its  outcrop  in  the  southeastern  part  of  the  State  to  supply  water  for 
domestic  use. 

Clinton  and  Medina  beds. — The  Clinton  and  Medina  are  compara- 
tively thin  formations  with  very  limited  areas  of  outcrop,  and  are,  a.s 
a  rule,  inferior  water  bearere. 

Niagara  limestone. — The  Niagara  group  consists  largely  of  a  lime- 
stone which,  as  in  Illinois,  contains  a  large  amount  of  water,  generally 
palatable  and  suitable  for  domestic  use.  In  some  cases,  as  in  Illinois, 
the  water  is  charged  with  sulphureted  hydrogen  produced  through 
the  decomposition  of  pyrite  included  in  the  limestone.  This  limestone 
furnishes  probably  the  most  abundant  supply  of  water  suitable  for 
domestic  use  to  be  found  in  any  single  rock  formation,  since  it  is  struck 
at  moderate  depth  in  much  of  the  eastern  part  of  the  State.  When  it 
passes  under  the  cover  of  later  formations  and  sinks  to  considerable 
depths  the  water  becomes  brackish  and  is  unsuitable  for  domestic  use. 

Waterlime  and  Lower  Helderberg  limestones, — ^The  limestone  forma- 
tions above  the  Niagara  to  the  base  of  the  Devonian  shale  afford  good 
supplies  of  water  in  the  region  of  outcrop,  water  being  generally 
struck  in  veins  or  fissures,  as  in  the  Niagara  limestone.  The  outcrops 
are,  however,  comparatively  few,  since  these  formations  are  ordinarily 
buried  under  very  heavy  deposits  of  drift.  Their  value  as  water  bear- 
ers is  found  chiefly  along  the  Wabash  Valley  above  Delphi  and  in  the 
southern  part  of  the  State,  where  the  drift  is  thin  or  wanting. 

Devonian  shale, — ^The  Devonian  shale  which  underlies  heavy  deposits 
of  drift  in  the  northern  part  of  the  State  atid  also  a  narrow  strip  lead- 
ing west  of  north  from  Ohio  River  at  New  Albany  to  the  Tippecanoe 
near  Monon  is  perhaps  the  poorest  water-bearer  in  the  State,  but  it  is 
so  generally  deeply  covered  by  water-bearing  beds  of  drift  that  there 
is  little  need  of  penetrating  it. 

Waverly  shale, — The  Waverly  shale,  which  is  found  on  the  north 
border  of  the  State,  like  the  Devonian  shale,  is  a  very  poor  water- 
bearer,  and  like  it,  too,  is  concealed  deeply  beneath  water-bearing 
beds  of  drift. 

Knobstone  formation, — The  Knobstone  formation  from  the  central 
part  of  the  State  southward  constitutes  the  knobs  or  most  hilly  tracts 
of  southern  Indiana,  and  includes  some  sandstones  as  well  as  shales. 
It  is  covered  by  drift  north  from  northern  Brown  County,  and  the 
drift-covered  portion  is  not  drawn  upon  for  wells  to  any  notable 
degree.  .  The  drif tless  portion  of  this  formation  is  only  sparsely  set- 
tled and  the  residents  depend  to  a  large  degree  upon  springs  which 
issue  from  the  sandstone  beds  along  the  valley  slopes.  The  water  is 
ordinarily  fresh  and  much  softer  than  that  obtained  from  neighboring 
limestone  formations. 
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jSL  Louis  limesUyiie  beds. — The  St.  Louis  limestone  belt  occupies  in 
its  outcrop  a  width  of  about  20  miles,  and  extends  from  Ohio  River  in 
Harrison  County,  west  of  north  through  Washington,  Orange,  Law- 
rence, Monroe,  Owen,  Morgan,  Putnam,  and  Montgomery  counties  to 
the  borders  of  the  Wabash  Valley  above  Attica.  It  is  unglaciated  as 
far  north  as  northern  Monroe  County,  and  furnishes  the  sole  supply 
for  the  residents,  with  the  exception  of  the  rain  water  collected  in 
cisterns.  There  are  some  localities  in  which  the  expense  of  sinking 
wells  into  the  limestone  far  enough  to  strike  water  is  so  great  that  cis- 
tern water  has  come  into  use  for  drinking  as  well  as  for  other  domestic 
purposes.  In  the  drift-covered  portion  of  this  limestone  belt  a  large 
part  of  the  wells  are  obtained  without  entering  the  limestone,  though 
its  seveial  members  appear  to  be  good  water  bearers  wherever 
penetrated. 

Chester  sandstone. — ^The  sandstones  which  come  in  between  the  lime- 
stone group  and  the  Coal  Measures  form  a  narrow  strip  running  from 
Perry  County,  on  Ohio  River,  west  of  north  to  the  Wabash  Valley  at 
the  vicinity  of  the  great  bend  near  Attica.  The  region  between  Ohio 
River  and  White  River  is  either  drif tiess  or  carries  only  a  thin  deposit 
of  drift,  and  the  sandstone  supplies  water  at  moderate  depths  and  also 
is  the  source  of  njany  springs,  usually  of  fresh  water. 

Codl  Measures. — The  Coal  Measures  of  the  southwestern  part  of 
Indiana  are  either  unglaciated  or  covered  to  only  a  slight  depth  with 
drift,  but  in  western  Indiana  they  are  so  thickly  covered  that  wells  are 
either  obtained  in  the  drift  or  at  the  junction  of  the  drift  with  the 
rock.  Wells  which  have  been  sunk  into  the  rock  have  in  some  cases 
struck  *' copperas  water"  at  moderate  depths,  and  salt  water  is  usually 
encountered  at  depths  of  more  than  200  feet.  To  obtain  good  water 
in  this  region  exploration  should  be  made  by  the  drill  until  fresh 
water  free  from  sulphates  has  been  reached.  Waters  with  objection- 
able properties  which  occur  at  higher  levels  can  then  be  cased  out,  as 
is  impi'acticable  when  the  wells  are  dug.  In  some  localities  it  seems 
necessary  to  use  rain  water  collected  in  cisterns,  the  sulphates  in  the 
waters  from  the  rock  being  so  generally  present  that  good  wells  are 
very  difficult  to  obtain. 

Tertiary  deposits. — The  Tertiary  deposits  are  of  very  limited  extent, 
and  the  only  places  in  which  they  appear  to  be  of  value  as  water- 
bearers  are  found  where  the  gravels  have  been  redeposited  in  the  Ohio 
Valley,  in  which  case  they  sometimes  yield  springs  of  considerable 
strength,  some  of  which  are  to  be  found  below  Rockport. 

Drift. — The  glacial  deposits  of  Indiana  extend  to  Ohio  River,  in  the 
southeastern  part  of  the  State,  but  the  drift  border  runs  northward 
from  near  Jeffersonville  to  northern  Brown  County,  and  thence  west- 
ward into  Monroe  County,  passing  a  little  north  of  Bloomington.    The 
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course  is  then  southwestward  across  Greene,  Martin,  Dubois,  Pike, 
Gibson,  and  Posey  counties  to  the  mouth  of  the  Wabash.  From  about 
the  latitude  of  Indianapolis  southward  the  thickness  of  the  drift  is 
very  moderate,  except  along  the  line  of  pre-Glacial  valleys,  but  in 
nearly  all  parts  of  the  State  north  of  this  latitude  there  is  a  heavy 
deposit  which  in  places  reaches  a  thickness  of  500  feet,  and  averages 
about  200  feet.  The  average  thickness  in  the  entire  glaciated  portion 
of  the  State  is  estimated  to  be  about  130  feet.  There  are  a  few  coun- 
ties in  the  southeastern  part,  and  small  tracts  in  the  southwestern, 
where  the  drift  is  composed  very  largely  of  compact  clayey  material, 
which  is  such  a  poor  water-bearer  that  wells  have  been  sunk  into  the 
rock  formations.  Elsewhere  in  the  State  it  is  the  exception  to  find  a 
well  extending  to  the  rock  without  encountering  more  or  less  water- 
bearing gravel  and  sand.  In  the  areas  of  thickest  drift  the  gravel  and 
sand  generally  greatly  preponderate  over  clayey  material.  The  large 
amount  of  gravel  and  sand  in  the  drift  of  this  State  seems  due  to  the 
fact  that  there  was  a  crowding  or  converging  of  ice  lobes  which 
entered  the  State  from  the  great  basins  of  Lake  Michigan,  Saginaw 
Bay,  and  Lake  Erie,  which  would  natui*ally  produce  a  great  amount  of 
glacial  dminage. 

In  the  Illinois  district,  where  the  single  ice  lobe  from  the  Lake 
Michigan  basin  was  free  to  spread  widely,  the  streams  occupied  only 
a  small  part  of  the  glaciated  area,  and  thus  left  wide  strips  in  which 
there  was  very  little  movement  of  waters  to  carry  away  the  clayey 
material.  In  Indiana  as  well  as  in  Illinois  there  were  oscillations  of 
each  of  the  several  ice  lobes,  which  have  resulted  in  alternations  of  beds 
of  various  degrees  of  coarseness  and  permeability  to  water.  In  the  final 
retreat  of  the  ice  an  extensive  but  comparatively  thin  sheet  of  sand 
was  deposited  over  the  district  between  the  Kankakee  and  Tippecanoe 
rivers  in  northwestern  Indiana,  but  elsewhere  in  northern  Indiana  the 
surface  capping  is  largely  clay.  The  inferior  quality  of  much  of  the 
water  in  the  rock  formations  of  Indiana  is  more  than  made  good  by 
the  great  abundance  of  excellent  water  in  the  drift,  so  that  the  State 
is,  as  a  whole,  highly  favored  in  its  water  supply  for  all  domestic 
uses. 

The  map  of  Indiana  and  Ohio,  PI.  XVI II,  shows  not  only  the  relation 
of  the  wells  to  the  drift,  but  also  the  parts  of  the  State  in  which 
the  drift  is  of  exceptional  thickness.  It  should  perhaps  be  stated 
that  in  the  portion  where  the  drift  is  but  25  to  75  feet  thick  wells 
are  commonly  obtained  without  entering  the  rock,  and  rock  wells 
are  nearl}^  as  rare  as  in  the  districts  where  there  is  more  than  100  feet 
of  drift. 
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liOCAUTTES  FAVORABIiE  FOR  ARTESIAN  WEIiliS  IN 

INDIANA. 

There  are  no  extensive  ai*eas  in  this  State  where  artesian  wells  may 
be  obtained,  except  perhaps  in  the  northwestern  counties  where  the 
conditions  are  similar  to  those  of  the  neighboring  part  of  Illinois. 
Elsewhere  occasional  flows  have  been  obtained  in  the  valleys  of  the 
main  streams  or  exceptionally  low  parts  of  interfluvial  tracts.  The 
deep  borings  were  sunk  usually  for  the  purpose  of  obtaining  oil  or  gas, 
little  attention  being  given  to  the  head  attained  by  water.  The  data 
are  therefore  insuflBcient  to  warrant  definite  statements  concerning  the 
head  to  be  expected  at  any  given  place  or  conclusions  concerning  the 
regularity  or  lack  of  regularity  in  the  hydrostatic  pressure. 

Flowing  wells  from  the  drift  have  only  been  obtained  in  very  small 
areas,  which,  like  those  of  Illinois,  are  situated  usually  on  the  iceward 
side  of  prominent  moraines  or  in  the  valleys.  Numerous  instances 
will  be  found  recorded  in  the  papers  by  the  author  referred  to  above. 

MINERAIi  WATERS. 

Mineral  waters  are  of  common  occurrence  in  Indiana,  and  include 
the  waters  of  both  springs  and  wells.  Mr.  W.  S.  Blatchley  has 
recently  made  an  extended  study  of  such  waters  and  has  published  a 
detailed  report  treating  of  their  character  and  uses.^  Over  100  springs 
or  wells  are  described  and  a  large  number  of  analyses  given.  Dr. 
Robert  Hessler  has  made  a  report  on  the  medicinal  properties  and 
uses  of  Indiana  mineral  waters.* 

Springs  occur  in  nearly  all  parts  of  the  State  and  in  rocks  of  widely 
different  types.  Those  from  the  coal-bearing  rocks  of  the  Carbonif- 
erous are  relatively  small,  but  carry  large  amounts  of  mineral 
matter,  especially  salt,  iron  sulphate,  iron  carbonate,  and  hydrogen 
sulphide.  The  springs  in  the  limestone  regions  generally  carry  much 
lime,  but  hold  little  of  the  substances  mentioned  as  characterizing  the 
Coal  Measure  rocks.  Some  of  these  are  of  great  volume,  welling  up 
from  fissures,  or  from  between  beds,  or  emerging  from  caves.  In 
some  instances  the  volume  is  suflBcient  to  furnish  water  power  for 
mills. 

Up  to  1886  few  deep  wells  had  been  drilled,  but  since  that  date  more 
than  14,000  bore  holes  have  been  sunk.  Some  of  these  flowed,  and  in 
many  others  the  water  rose  nearly  to  the  surface.  Large  supplies  are 
sometimes  obtained.  Much  of  the  water  is  highly  mineralized  and  of 
medicinal  value,  and  wells  have  been  developed  in  many  instances  into 
important  resorts. 


a  Indiana  Dept.  Qeol.  Nat.  Rennirces,  Twenty-uixth  and  Twenty-seventh  Ann.  Reptfl.,  pp.  11-158. 
(»n>id.,  pp.lM-224. 
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The  water  is  to  a  considerable  extent  used  at  the  individual  wells  or 
springs,  but  in  1902  shipments  from  16  springs  amounted  to  273,380 
gallons,  with  a  value  of  $236,501.  The  average  price  per  gallon 
is  the  highest  in  the  country.^  Following  is  a  list  of  the  springs 
reporting: 

Attica  Lithia  Springs,  Attica,  Fountain  County. 

Elliott  Springs,  Willow  Valley,  Martin  County. 

Emerald  Spring,  Indiana  Mineral  Springs,  Warren  County. 

French  Lick  Springs,  French  Lick,  Orange  County. 

Greenwood  Mineral  Well,  Greenwood,  Johnson  County. 

Kickapoo  Magnetic  Spring,  Kickapoo,  Warren  County. 

King's  Mineral  Spring,  Muddyfork,  near  Dallas,  Clark  County. 

Laxine  Springy  Mount  Moriah,  Brown  County. 

Lodi  Artesian  Well,  Silverwood,  Fountain  County. 

Magnetic  Mineral  Spring,  Terre  Haute,  Vigo  County. 

Mudlavia,  formerly  Indiana  Mineral  Springs,  Mudlavia,  Warren  County. 

Mudlavia  Artesian  Sulphur  Spring,  Mudlavia,  Warren  County. 

Porter  Mineral  Springs,  near  Porter's  Depot,  Porter  County. 

Shelbyville  Lithia  Spring,  Shelbyville,  Shelby  County. 

West  Baden  Springs,  West  Baden,  Orange  County. 

Winona  Lithia  Spring,  Winona  Lake,  Kosciusko  County. 

PRINCIPAIi  PUBIilCATIONS. 

Water  resources  of  Indiana  and  Ohio,  by  Frank  Leverett:  Eighteenth  Ann.  Rept. 

U.  S.  Geol.  Survey,  pt.  4. 
Wells  of  northern  Indiana,  by  Frank  Leverett:  Water-Supply  and  Irrig.   Paper 

U.  S.  Geol.  Survey  No.  21,  1899. 
Wells  of  southern  Indiana,  by  Frank  Leverett:  Water-Supply  and   Irrig.  Paper 

U.  S.  Geol.  Survey  No.  26,  1899. 
Description  of  the  Danville  quadrangle,  by  M.  R.  Campbell  and  Frank  Leverett: 

Geol.  Atlas  U.  8.,  folio  67,  U.  S.  Geol.  Survey. 
Description  of  the  Chicago  district,  by  W.  C.  Alden:  Geol.  Atlaa  U.  S.,  folio  81, 

U.  S.  Geol.  Survey. 
Mineral  waters  of  Indiana,  by  W.  S.  Blatchley:  Indiana  Geol.  Survey,  vol.  26,  pp. 

11-158. 
The  medicinal  properties  of  Indiana  mineral  waters,  by  Robert  Hessler:  Indiana 

Geol.  Surv.,  vol.  26,  pp.  159-226. 
Description  of  the  Ditney  quadrangle,  by  M.  L.  Fuller  and  G.  H.  Ashley:  Geol. 

Atlas  U.  S.,  folio  84,  U.  S.  Geol.  Survey. 
Description  of  the  Patoka  quadrangle,  by  M.  L.  Fuller  and  F.  G.  Clapp:  Geol.' 

Atlas  U.  S.,  folio  ia5,  U.  S.  Geol.  Survey. 

"  Peale,  A.  C,  Mlneml  Resources  U.  S.  for  1902,  U.  S.  Geol.  Survey,  1904,  p.  996- 
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OHIO. 
By  Frank  Leverett. 


INTRODUCTORY  STATEMENT. 

A  somewhat  detailed  discussion  of  drainage  systems,  mineral  springs, 
and  water  supply  for  cities  and  villages  will  be  found  in  a  paper  by 
the  author  which  appears  in  the  Eighteenth  Annual  Report  of  the 
United  States  Geological  Survey."  The  drainage  features,  both  pres- 
ent and  pre-Glacial,  and  the  glacial  formations  in  their  relation  to  water 
supplies  are  treated  at  some  length  by  the  author  in  Monograph  XLI 
of  this  survey.  The  rock  waters  and  flowing  wells  of  Ohio  are  dis- 
cussed by  Exiward  Orton  in  a  paper  in  the  Nineteenth  Annual  Report 
of  the  United  States  Geological  Survey.  The  paper  covers  the  sub- 
ject of  the  relative  value  of  the  several  geologic  formations  as  water- 
bearers.  In  Ohio  the  State  board  of  health  is  required  by  law  to 
approve  all  public  water  supplies  when  introduced,  and  their  reports 
may  be  consulted  for  analyses  made  in  accordance  with  this  law.  A 
report  published  in  1898  contains  an  exceptionally  full  discussion  of 
water  supplies,  and  includes  the  paper  by  Orton,  referred  to  above. 

GEOIiOGIC  COIiUMN. 

[Modified  from  paper  of  Edward  Orton  in  Nineteenth  Annual  Report  of  the  U.  S.  Geolo^cal  Survey.] 

Formation.  I    Thickneas. 


\        Feet. 

Recent  deposits,  alluvium,  peat,  marl,  etc 5-60 

Wisconsin  drift  sheet  (Pleistocene) 0-300 

The  loess  or  white  clay  (Pleistocene) 3-15 

lUinoian  drift  sheet  (Pleistocene) 10-250 

Upper  Barren  Ck>al  Measures  (Carboniferous) 500dr 

Upper  Productive  Coal  Measures  (Carboniferous) 200d= 

Lower  Barren  Coal  Measures  (Carboniferous) 500d= 

Lower  Productive  Coal  Measures  (Carboniferous) 250d= 

Conglomerate  Coal  Measures  (Carboniferous) 250d= 

aWater  resources  of  Indiana  and  Ohio,  Eighteenth  Ann.  Kept,  pt  4,  pp.  42&-660. 
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Formation.  '    Thickness. 


Pixt. 

Logan  group  (Eocarboniferous) 0-300 

Cuyahoga  shale  (Eocarboniferous) 150-450 

Berea  shale  and  grit  (Carboniferous) 25-150 

Bedford  shale  and  sandstone  (Carboniferous) 50-150 

Ohio  shale,  etc.  (Devonian) 250-2, 500-f 

Comiferous  limestone  (Devonian) |  25-100 

Onondaga  limestone  (Silurian) I  20-600 

Niagara  group,  limestone  and  sliale  (Silurian) '  150-350 

Clinton  limestone  (Silurian) '  20-150 

Medina  shale  (Silurian) 25-150 

Hudson  River  group,  shales  and  limestones  (Ordovician) 300-800 

Uticashale  (Ordovician) 0-300 

Trenton  group  (Ordovician) 300-600 


CHARACTERISTICS    OF   WATERS    OF    DIFFERENT  DEPTHS. 

The  following  general  principles  have  been  stated  by  Orton  in  the 
report  above  mentioned: 

1.  The  subterranean  waters  from  a  comparatively  shallow  depth  carry,  as  a  rule, 
dissolved  carbonates.  Lime  and  magnesia  are  the  leading  bases,  but  potassium  and 
sodium  also  occur  in  small  quantities.  Iron  is  unfailingly  present,  and  often  in 
notable  quantity.    These  wells  are  common  sources  of  j>otable  supply. 

2.  Water  from  a  greater  depth  holds  dissolved  chlorides  as  well.  Chloride  of 
sodium  is  by  far  the  most  common,  but  chlorides  of  magnesium  and  calcium  are  also 
often  added.  The  presence  of  chlorides  is  seldom  shown  in  water  at  less  than  100 
feet  in  depth,  and  where  found  they  are  confined  to  a  few  formations  of  the  Ohio 
column.  It  is  very  rare  that  the  drill  descends  to  300  feet  without  encountering 
saline  water  or  water  too  highly  mineralized  with  other  elements  to  be  acceptable 
for  the  highest  uses.  Aside  from  that  of  a  few  wells  in  glacial  drift  no  water  of  the 
State  is  known  that  comes  from  a  depth  greater  than  500  feet  and  still  remains  free 
enough  from  mineral  solutions  to  warrant  its  use  as  potable. 

3.  Sulphates  are  generally  found  in  the  deeper  waters,  but  are  also  found  in  the 
shallower  waters.  The  most  common  compound  is  calcium  sulphate;  but  sodium 
sulphate  is  not  infrequent. 

4.  Sulphides  also,  particularly  sulphureted  hydrogen,  though  often  rising  to  the 
surface  in  so-called  sulphur  springs,  are  especially  characteristic  of  waters  found 
in  limestones,  and  nearly  all  of  the  water  of  the  great  Ohio  shale  system  is  charac- 
terized  in  this  way.  Sulphides  pass  into  sulphates  very  promptly  and  by  reactions 
easily  understood. 

REI^TIVE  VAIjUE  OF  DIFFERENT  ROCK  FORMATIONS  AS 

WATER-BEARERS. 

Of  the  large  number  of  formations  present  in  Ohio,  as  indicated  in 
the  section  above,  Orton  considers  only  the  following  to  be  important 
water-bearers:  Trenton  limestone,  Clinton  limestone,  Niagara  lime- 
stone, Onondaga  limestone,  Corniferous  limestone,  Logan  sandstone, 
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Berea  grit,  Carboniferous  conglomerates,  and  certain  sandstone  beds 
of  the  Coal  Measures. 

Trentoii  limestone. — The  waters  of  the  Trenton  limestone  are  all 
highly  mineralized  and  have  a  strong,  bitter,  or  saline  taste;  they  are 
also  charged  heavily  with  sulphureted  hydrogen. 

Clinton  limestone. — The  Clinton  limestone  affords  a  large  number 
of  springs  along  its  outcrop  in  Preble,  Montgomery,  Warren,  Greene, 
and  Clinton  counties.  This  limestone  when  under  a  deep  cover  of 
later  formations  carries  water  too  highly  mineralized  for  a  potable 
supply.  It  is  therefore  utililized  for  domestic  purposes  only  along 
the  line  of  outcrop. 

Niagara  limestone. — The  Niagara  limestone  contributes  its  most 
important  supplies  of  water  where  it  immediately  underlies  the 
glacial  drift  in  a  few  counties  in  the  western  part  and  a  narrow  strip 
leading  from  there  southward  to  Ohio  River  in  Adams  County. 
Orton  refers  to  the  effect  of  atmospheric  agencies  in  enlarging  the 
joints  of  the  limestone  and  establishing  underground  reservoirs  and 
channels  for  waters  which  sink  into  this  formation  from  the  overlying 
drift  deposits. 

Onondaga  limestone. — ^The  Onondaga  limestone  is  considered  by  far 
the  most  important  source  of  underground  water.  The  great  area  of 
its  outcrop  in  the  west-central  and  northern  portions  of  the  State,  as 
well  as  the  thickness  of  the  formation  and  its  soluble  character,  furnish 
the  basis  for  this  estimate.  A  considerable  number  of  cities  and  vil- 
lages depend  upon  this  limestone  for  water  supply. 

ComifeTous  limestone. — The  Corniferous  limestone  is  considered  of 
small  importance  as  a  source  of  water  because  of  its  comparatively 
small  area  of  outcrop.  Several  flowing  wells  in  the  city  of  Columbus 
have,  however,  been  obtained  from  it,  and  there  are  numerous  springs 
issuing  from  it  along  the  Scioto  Valley. 

Logan  sandstone. — The  Logan  sandstone  is  a  water-bearing  stratum 
wherever  found  at  the  surface.  It  outcrops  prominently  in  Richland, 
Ashland,  and  Wayne  counties.  Artesian  wells  have  been  obtained 
from  it  at  several  points  in  Wayne  County,  and  the  water  supply  of 
Orrville  is  from  this  source. 

Berea  grit. — The  Berea  grit  is  also  a  good  water  bearer  along  the 
line  of  its  outcrop  and  often  affords  supplies  when  covered  by  the 
Cuyahoga  shale  to  moderate  depths.  Such  is  the  case  at  the  village 
of  New  London. 

Coal  Measures. — ^The  Conglomerate  Coal  Measures  contain  a  white 
and  pebbly  sand  of  great  purity — the  Sharon  conglomerate — which  in 
its  outcrop  in  northeastern  Ohio  affords  excellent  wells.  The  city  of 
Massillon  now  derives  its  supply  from  this  source.  Cuyahoga  Falls 
also  stands  on  this  conglomerate  and  the  welb  of  the  village  are  largely 
obtained  in  it. 
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The  water  supply  of  the  Coal  Measures  proper  is  rather  inferior. 
Excellent  water  can  be  secured  almost  eveiy  where,  but  it  is  considered 
doubtful  if  the  supply  will  be  adequate  for  the  growing  towns  that  are 
located  within  the  boundaries  of  this  formation.  It  is  probable  that 
the  streams  of  the  region  will  need  to  be  drawn  upon  for  public  water 
supply. 

Drift, — ^The  glacial  deposits  furnish  by  far  the  largest  amount  of 
potable  water  to  be  obtained  within  the  State.  These  deposits  cover 
nearly  three-fourths  of  the  State,  the  southeastern  portion  only  being 
unglaciated.  The  valley  gravels  have  been  carried  down  the  main 
valleys  of  the  drif  tless  portion  of  the  State  and  hold  much  of  the  water 
of  the  valley  drainage  at  convenient  depth  for  wells;  the  quality  of 
water  is  generally  excellent.  The  lUinoian  drift  sheet  extends  beyond 
the  Wisconsin  only  in  a  few  counties  in  the  central  and  southwestern 
parts  of  the  State.  This  drift  sheet  is  composed  largely  of  clayey 
material  except  along  the  line  of  pre-Glacial  valleys,  where  there  is 
found  to  be  a  large  filling  of  sand  or  coarser  water-bearing  material. 
Within  the  limits  of  the  Wisconsin  drift  the  moraines  are  usually  com- 
posed in  large  part  of  gravelly  or  sandy  material,  but  in  some  cases 
wells  have  to  be  sunk  to  considerable  depth  to  strike  strong  water 
veins.  On  the  plains  between  the  moraines  beds  of  sand  and  gravel 
are  usually  found  sandwiched  between  beds  of  clay  or  till  at  convenient 
depth.  Throughout  the  greater  part  of  the  drift-covered  portion  of 
the  State  good  wells  are  obtained  at  depths  of  50  feet  or  less,  and  there 
are  only  a  few  localities  in  which  it  is  necessary  to  sink  to  depths  of 
100  feet  or  more.  There  are,  however,  localities  in  which  strong 
supplies  are  obtained  at  moderate  depth,  and  yet  borings  have  been 
sunk  100  feet  in  order  to  obtain  flowing  wells. 

Much  of  the  surface  portion  of  the  drift  is  a  clayey  material  which 
protects  wells  obtained  in  underlying  deposits  from  surface  contami- 
nation. Even  the  areas  covered  by  great  glacial  lakes  in  the  north- 
west part  of  the  State  have  usually  a  clayey  soil,  the  principal  excep- 
tion being  a  belt  of  sand  north  of  Maumee  River  in  Fulton  and  Lucas 
counties.  The  relation  of  wells  to  drift  formations  may  be  seen  by 
reference  to  the  map,  PI.  XVIIl. 

liOCAIilTIES  FAVORABIiE  FOR  ARTESIAN  WEMEiS. 

Artesian  wells  from  rock  formations  are  comparatively  rare,  although 
the  water  is  usually  under  considerable  hydrostatic  pressure.  Orton 
calls  attention  to  strong  flowing  wells  near  Orrville  obtained  from  the 
Logan  conglomerate  or  sandstone  and  to  flows  at  Massillon  from  the 
Sharon  conglomerate  and  to  a  few  others  at  points  scattered  over  the 
State.  There  appears  to  be  no  extensive  areas  of  artesian  water  open 
to  development  in  the  State  from  any  of  the  rock  formations.  The 
glacial  deposits  are  a  much  more  productive  field  for  exploration. 
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Flowing  wells  have  been  obtained  without  entering  the  rock  in  a 
belt  on  the  inner  slope  of  the  great  morainic  system  that  runs  from 
southeastern  Michigan  across  northwestern  Ohio  into  Indiana.  Hun- 
dreds of  wells  have  already  been  obtained  in  Williams,  Defiance,  and 
Fulton  counties.  The  wells  range  from  shallow  fountains,  differing 
but  little  from  boiling  springs,  in  which  pipes  are  driven  only  10  to 
20  feet  into  the  ground  up  to  borings  nearly  200  feet  in  depth.  In 
much  of  that  region  the  thickness  of  the  drift  is  150  to  200  feet  or 
more.  Flowing  wells  are  also  found  along  the  line  of  deep  pre-Glacial 
chaimels  in  Allen,  Auglaize,  and  Mercer  counties  at  depths  ranging 
from  100  feet  or  less  up  to  350  feet,  and  wells  have  in  some  cases  been 
continued  to  depths  of  more  than  400  feet  without  striking  the  rock. 
Records  of  many  of  these  wells  are  presented  in  the  report  by  Orton, 
mentioned  above.  There  are  many  other  places  in  Ohio  where  flowing 
wells  are  found  in  small  areas  of  a  square  mile  or  less  to  which  atten- 
tion has  been  directed  by  the  author  in  Monograph  XLI.  These  wells 
are  usually  on  the  iceward  slope  of  moraines,  and  the  region  of  intake 
is  probably  restricted  largely  to  the  moraine  adjacent  to  them.  They 
are  of  various  depths,  from  20  feet  or  less  up  to  100  feet  or  more. 
Probably  further  exploration  with  deep  borings  would  enlarge  such 
flowing  well  areas  or  increase  the  number  of  areas  in  which  flows  are 
obtained,  for  in  a  great  many  districts  the  occurrence  of  abundant 
water  at  moderate  depths  has  freed  the  residents  from  the  necessity 
of  drilling  deeply  to  test  the  chances  for  artesian  waters. 

MIITERAIi  SPRINGS. 

Both  the  drift  and  the  rocks  of  Ohio  yield  a  considerable  number  of 
springs.  The  springs  of  the  drift  vary  with  the  nature  of  the  local 
materials,  but  are  generally  hard  and  may  carry  much  iron.  The 
rock  waters  of  the  Coal  Measures  are  frequently  salt  or  chalybeate, 
while  those  of  the  limestones  are  generally  hard.  Many  of  the  springs 
have  been  developed  as  resorts,  while  others  place  their  water  on  the 
market  for  medicinal  or  other  purposes.  Twenty  such  springs  reported 
sales  in  1902,  the  amount  of  which  aggregated  1,948,840  gallons,  with 
a  value  of  $172,746.^    The  springs  reporting  are  as  follows: 

Alba  Spring,  Rockfort,  Cuyalioga  County. 

Arcadian  Springs,  Mineral  Springs,  Adams  Connty. 

Buckeye  Lithia  Spring,  near  Martins  Ferry,  Belmont  County. 

Concord  Crystal  Spring,  Concord,  Lake  County. 

Crum  Mineral  Spring,  Austintown,  Mahoning  County 

Crystal  Rock  Spring,  near  Sandusky,  Erie  County. 

Deerfield  Mineral  Springs,  Deerfield,  Portage  County. 

Fargo  Mineral  Springs,  Ashtabula,  Ashtabula  County. 

Green  Spring  Artesian  Mineral  Well,  Green  Springs,  Sandusky  County. 

Knisely  Mineral  Springs,  Bucyrus,  Crawford  County. 


a  Peale,  A.  C,  Mineral  Resources  U.  S.  for  1902,  U.  S.  Oeol.  Sarrey,  1904,  p.  996. 
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La  Fountaine  Springs,  Fountain  Park,  Champaign  Ck)unty. 
Magnetic  Magnesia  Well,  Canton,  Stark  County. 
Oakridge  Spring,  Greensprings,  Sandusky  County. 
Painesville  Mineral  Spring,  Painesville,  Lake  County. 
Puritas  Spring,  Rockport,  Cuyahoga  County. 
Purtlebaugh  Mineral  Spring,  Urbana,  Champaign  County. 
Rex  Ferro-Lithia  Springs,  New  Richmond,  Clermont  County. 
Ripley  Brom-Lithia  Springs,  Ripley,  Brown  County. 
Talewanda  Mineral  Springs,  near  College  Corner,  Preble  County. 
Wheeler  Mineral  Springs,  Youngstown,  Mahoning  County. 

PRINCIPAIi  PUBI4ICATION8. 

Mineral  springs  of  the  United  States,  by  A.  C.  P^ale:  Bull.  U.  S.  Geol.  Survey  No.  32, 

pp.  130-134. 
Preliminary  list  of  deep  borings  in  the  United  States,  pt  2,  by  N.  H.  Darton:  Water- 

Supply  and  Irrig.  Paper  U.  S.  Geol.  Survey  No.  61,  pp.  21-28. 
Water  resources  of  Indiana  and  Ohio,  by  Frank  Leverett:  Eighteenth  Ann.  Rept. 

U.  S.  Geol.  Survey,  pt.  4. 
Rock  waters  of  Ohio,  by  Edward  Orton:  Nineteenth  Ann.  Rept.  U.  S.  Geol.  Survey, 

pt  4. 
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WEST  VIRGINIA. 


By  M.  L.  Fuller. 


West  Virginia  has  through  a  large  portion  of  its  area  a  rugged 
topography.  It  is  mountainous  only  in  the  eastern  part,  where  it 
borders  the  Appalachian  ridges,  but  even  in  the  western  portion  it  is 
so  cut  by  streams  with  intervening  narrow  ridges  that  there  is  little 
even  moderately  level  land,  except  the  narrow  strips  along  some  of  the 
streams.  The  conditions  are  therefore  very  favorable  for  springs, 
which,  with  spring-fed  streams,  constitute  the  main  source  of  water 
supply  over  a  large  part  of  the  State. 

Topographically  and  geologically  it  may  be  divided  into  two  distinct 
belts:  (1)  The  Appalachian  Mountain  belt,  including  the  Shenandoah 
Valley,  and  (2)  the  Cumberland  Plateau. 

APPAIjACHIAN  mountain  BEIiT. 

This  term  is  here  used,  as  elsewhere  in  the  report,  in  its  broad  sense, 
and  includes  the  area  of  folded  rocks  lying  between  the  crystalline 
rocks  of  the  Piedmont  Plateau  of  Virginia  on  the  east,  and  the  area  of 
gently  folded  to  nearly  flat  rocks  of  the  AUeghen}^  Plateau  on  the  west. 
The  belt  is  crossed  by  the  ''handle"  of  West  Virginia,  and  a  narrow 
strip  along  its  whole  eastern  boundary  is  included.  The  rocks  are 
mainly  Cambrian,  Silurian,  and  Devonian  in  age,  although  a  few  small 
areas  of  Carboniferous  rocks  are  included,  especially  near  the  western 
borders  of  the  belt.  The  rocks  include  quartzites,  sandstones,  shales, 
and  limestones,  the  latter  occurring  principally  in  the  Shenandoah 
Valley  at  the  extreme  eastern  extension  of  the  panhandle,  and  as  a 
strip  along  the  western  base  of  the  mountain  belt.  The  former  belongs 
to  the  Cambro-Silurian  rocks,  and  the  latter  to  the  Carboniferous. 

Except  in  the  Shenandoah  and  other  smaller  vallej's,  this  area,  is 
thinly  inhabited,  and  small  springs  constitute  the  main  source  of  water 
supply.  In  the  limestone  valle5^s  wells  are  sometimes  resorted  to, 
but  reliance  in  the  main  is  placed  on  cisterns,  because  of  the  uncer- 
tainty of  the  occurrence  of  water  in  the  limestone.  A  few  large 
springs  issue  from  the  limestones,  from  the  more  porous  sandstones, 
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and  more  rarely  from  the  shales.  The  waters  are  often  mineralized 
and  of  medicinal  value,  and  a  considerable  number  of  springs  have 
been  developed  as  resorts.     Some  of  the  waters  are  thermal. 

CUMBEBIiANB  PliATEAU. 

The  greater  portion  of  the  area  of  the  State  falls  within  what  may 
be  termed  the  Cumberland  Plateau,  which  may  be  considered  as  enter- 
ing the  State  from  Kentucky  on  the  south.  The  plateau  does  not 
present  an  even  surface,  but  has  been  cut  by  streams  until  only  nar- 
row-crested ridges  remain  to  represent  the  original  level.  In  a  broad 
way  the  slope  is  to  the  northwest,  away  from  the  mountains,  the  alti- 
tude varying  from  3,500  feet  at  the  western  base  of  the  mountains  to 
less  than  1,000  feet  near  the  Ohio  River.  The  river  bottoms  are  sunk 
several  hundred  feet  below  the  upland  level.  At  the  northern 
boundary  of  the  State  the  Cumberland  Plateau  merges  with  the 
Allegheny  Plateau  of  Pennsylvania. 

The  rocks  belong  mainly  to  the  coal-bearing  division  of  the  Car- 
boniferous, and  are  either  inclined  at  a  low  angle  or  gently  folded. 
Because  of  the  numerous  springs  few  attempts  have  been  made  to 
obtain  water  by  deep  borings,  but  the  wells  drilled  for  oil  and  gas  fre- 
quently obtain  abundant  water,  some  of  which  flows  in  the  synclines 
or  under  other  favorable  conditions. 

The  stratified  deposits  along  Ohio  River  and  some  of  the  other  large 
streams  yield  good  water  to  shallow  wells,  but  their  area  is  limited. 

MINEBAIi  8PRING8. 

In  1902  nine  springs  reported  sales  of  mineral  water.  The  total 
output  is  stated  to  be  92,310  gallons  and  to  have  a  value  of  $25,343.* 
Several  of  the  springs  are  also  developed  as  resorts. 

Capon  Springs,  Capon  Springs,  Hampshire  County. 

Greenbrier  Alum  Spring,  near  Lewisburg,  Greenbrier  County. 

Greenbrier  White  Sulphur  Springs,  White  Sulphur  Station,  Greenbrier  County. 

Magnesia  Spring,  No.  2,  near  Wheeling,  Ohio  County. 

Manacea  Irondale  Spring,  near  Independence,  Preston  County. 

Pence  Spring,  Pence  Springs,  Summers  County. 

Red  Sulphur  Springs,  Red  Sulphur  Springs,  Monroe  County. 

Triplet  Well,  Calf  Creek,  Grant  District,  Pleasants  County. 

Webster  Springs,  Webster  Springs,  Webster  County. 

PRINClPAIi  PUBIilCATIONS. 

Mineral  springs  of  the  United  States,  by  A.  C.  Peale:  Bull.  U.  S.  Geol.  Survey  No. 

32,  pp.  69-73. 
Preliminary  list  of  deep  borings  in  the  United  States,  pt.  2,  by  N.  H.  Darton:  Water- 

Supply  and  Irrig.  Paper  U.  S.  Geol.  Survey  No.  61,  pp.  61-64. 


a  Peale,  A.  C,  Mineral  Resources  U.  S.  for  1902,  U.  S.  Geol.  Buryey,  1904  p.  996. 
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of 66 

Channel,  underground,  plate  show- 
ing           20 

springs  from 31 

Chesapeake   formation   in   Delaware, 

character  of 111 

in    Maryland,   character   of 117 

water  horizons  In 119 

In  Virginia,  character  of 128 

water  horizons  In 129 

Chester,  S.  C,  well  at 144 

(^hester  sandstone  In  Illinois,  water 

resources  of 251 

In  Indiana,  water  resources  of__       261 
Chlorine,  normal,  in  waters  of  Massa- 
chusetts          73 

(^houteau  group  In  Mlssonri,  springs 

from 218 

Cincinnati  shale  in  Wisconsin  dis- 
trict, occurrence  and  char- 
acter of 236 

Circulation  In  rocks  of  different  types, 

discussion  of 21-24 

City    supplies.     Sec    Public    water- 
supply  systems. 
Claiborne    formation    in    Lonlsiana 
and    southern    Arkansas, 

character  of 180 

See  also  Lisbon  formation. 
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Clarendon  Spring,  Vt.,  water  from, 

analysts  of 64 

Clay,    water    from,    character    and 

amount  of 25-26 

Clay  marl  series  of  New  Jersey,  sub- 

dlyislons  of 97 

Cleavage,  In  slate,  plate  showing 22 

relation  of  occurrence  of  under- 
ground water  to 23 

Clinton  beds   In   Indiana,   water   re- 
sources of 260 

In  Michigan,  water  resources  of.       245 

In  Ohio,  water  resources  of 267 

Coal   Measures,   water  resources  of. 

In  Illinois 251 

water  resources  of.  In  Indiana.       261 

In  Iowa 224 

In  Ohio 267 

Coastal     Plain,    character    of     and 

water  conditions  In 38 

of  Alabama,  geology  of 165-166 

of  Georgia,  geology  and  under- 
ground waters  of_  153-154,  155 

of  Maryland,  geology  of 114 

wells  of 117-118 

of    New    Jersey,    geology    and 

water  supply  of 97-100 

wells  and  population  In..  101,  102 
of  North  Carollna.cross  section  of-       137 
geology  and  water  horizons 

In 136-138 

of    Pennsylvania,    geology    and 

water  supply  of 108 

of  South  Carolina,  geology  of-  146-149 

of  Virginia,  geology  of 127-128 

water   horizons  of 128-129 

See  also  Gulf  Coastal  Plain. 
Cockfleld    beds    In     Louisiana    and 
southern  Arkansas,  char- 
acter and  water  resources 

of 180,185 

Coffee   sands    In   Tennessee,    geology 

and  water  resources  of__       203 
Coldwater  shales  in  Michigan,  water 

resources   of 246 

Columbia  formation,  character  of.  In 

Delaware 111 

character  of.  In  Georgia 153 

In  Maryland 117 

In  South  Carolina 149 

In   Virginia 128 

Commercial    springs.     See    Springs, 

mineral. 
Conglomerate,  water  from,  character 

and  amount  of 27 

Conglomerate  sandstone   of   Illinois, 

water  resources  of 251 

Connecticut,  faults  In,  effect  of,  on 

underground  waters 79 

geology  and  water  supply  of —  76-81 

irrigation  In 81 

mineral  springs  in 80-81 

publications  on  water  resources 

of   81 

rainfall  In 76 

IBB  114—05 19 
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Connecticut,  springs  In 78,  80-81 

water-supply     areas     In,     map 

showing 77 

wells    in 77,78,79,80 

Connecticut    Valley,    Mass.,    geology 

and  water    supply  of 71 

Contamination  of  wells  In  Georgia.  154-157 

of  wells  in  Maine 48 

In  South  Carolina 142-144 

Cornlferous  limestone  In  Ohio,  water 

resources  of 267 

Cretaceous  rocks  of  Minnesota,  occur- 
rence of 228 

of  Mississippi,  geology  and  un- 
derground waters  of 172-173 

of    New    Jersey,     geology    and 

water    resources   of 97-98 

of  New  York,  geology  and  water 

resources  of 86 

of  South  Carolina,  geology  and 

water  horizons  of 147-148 

Crosby,  W.  C,  paper  by,  on  under- 
ground waters  of  Massa- 
chusetts and  Rhode  Is- 
land   68-75 

Crystalline  area  In  Connecticut,  geol- 
ogy and  water  supply  of_  78-79 
In  Delaware,  character  of  rocks 

of 111 

of  District  of  Columbia,  geology 

and  water  resources  of-  124-125 
of    New    Jersey,    geology    and 

water  supply  of 95-96 

wells  and  population  In 101 

of    Pennsylvania,    geology    and 

water  supply  of 106-107 

of  Virginia,  geology  and  under- 
ground waters  of 132 

Crystalline  rocks  of  South  Carolina, 

Coastal  Plain,  depth  to—       146 
See  also  Pre-Carabrlan  rocks. 
Crystalline  schists  of  Alabama,   ar- 
tesian water  from 164 

Cumberland  Plateau  of  Kentucky, 
water  resources  and  geol- 
ogy of 206 

of    Tennessee,    water    resources 

and  geology  of 199-200 

of  Virginia,  geology  and  under- 
ground waters  of 133 

of   West   Virginia,   geology   and 

water   resources  of 272 

D. 

Dakota  sandstone  of  Iowa,  water  re- 
sources of 224 

Darton,  N.  II.,  paper  by,  on  under- 
ground waters  of  Dela- 
ware   111-113 

Darton,  N.  H.,  and  Fuller,  M.  L., 
paper  by,  on  underground 
waters  of  District  of  Co- 
lumbia   124-126 

paper  by,  on  underground  waters 

of  Maryland —  114-123 
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Darton,  N.  H.»  and  Fuller,  M.  L.,  pa- 
per  by,   on   underground 

waters  of  Virginia 127-135 

Delaware,  geologj  of 111 

publications  on  water  resources 

of 113 

sections  in 118 

water  horizons  in , 111-112 

wells  and  well  prospects  In —  112-113 
Delthyris  shale  of  Missouri,  springs 

of 217 

Des  Moines,  Iowa,  section  from  Bara- 

boo.  Wis.,  to 233 

Devonian  rocks  of  New  York,  geology 

and  water  resources  of 86 

of    Pennsylyanla,    geology    and 

water  resources  of 107-108 

Dip,    effect    of,    on    absorption    of 

water    22 

relation    of    outcrop    to,    figure 

showing 22 

District  of  Columbia,  geology  of 124 

mineral  springs  in 126 

publications  on  water  resources 

of 126 

sections  In 124 

water  horisons  and  prospects  of.        124 

wells  In 125 

Dolomite,  porosity  of 23 

Drift  in  Berkshire  Valley,  Mass.,  ex- 
tent of 70 

in  Connecticut,  water  resources 

of 79-80 

in    Illinois,    thickness    of,    map 

showing 252 

water  resources  of 251-252 

in    Indiana,   thickness   of,    map 

showing 262 

water  resources  of 261-262 

in  Iowa,  water  resources  of 220-222 

in    Michigan,    lower,    water   re- 
sources of 242-245 

in   Minnesota,    water    resources 

of 228 

in  Ohio,  thickness  of,  map  show- 
ing        262 

water  resources  of 268 

in    Pennsylyanla,    geology    and 

water    resources   of 106 

in  Wisconsin  district,  occurrence 

and  character  of 237 

Drift  area,  extent  of,  and  water  con- 
ditions in 36-37 

Drilled  wells.     Sec  Wells,  drilled. 
Dug  wells.     8cc  Wells,  dug. 
Dundee  limestone  in  Michigan,  water 

resources  of 245 

Durham,  Me.,  spring  at,  water  from, 

analysis,  flow,  etc.,  of 52,  53 


B. 


East  Boothbay,  Me.,  spring  at,  water 
from,  analysis,  flow,  etc., 
of 54,55 


Page. 

East  Orrlngton,  Me.,  spring  near, 
water  from,  flow,  use, 
etc.,  of 61 

Bast  Poland,  Me.,  spring  at,  water 
from,  analysis  and  flow 
of 62,  63 

GULst    Tennessee,    valley    of,    water 

resources  of 198-199 

East  Turner,  Me.,  spring  near,  water 
from,  analysis,  flow,  use, 
etc.,  of 51,52 

Elastbrook,  Me.,  spring  near,  water 
from,  analysis,  flow,  use, 
etc.,  of 61,62 

Eldorado,  Ark.,  section  from  Abbe- 
ville, La.,  to 184 

Eocene  rocks  of  South  Carolina,  geol- 
ogy and   water   horizons 

of 148 

8t'€  also  names  of  formations. 

Eutaw    beds    In    Mississippi,    water 

resources  of 173 

Eutaw  sand  in  Alabama,  water  re- 
sources of 167-168 

Evaporation,  discussion  of 20 

P. 

Fairfield,  Me.,  spring  near,  water 
from,  analysis,  flow,  use, 

etc.,  of 51.52 

Faults,  definition  of 22 

effect  of,  on  artesian  water 35 

on  passage  of  water 23 

on   underground   waters  of 

Connecticut 79 

In  Newark  system  In  New  Jer- 
sey           96 

springs  along,  map  showing 32 

Fissure  springs,  discussion  of 31-32 

Flatwoods  clay.     8ee  Porters  Creek 

clay. 
Fleming  formation  In  Louisiana  and 
southern  Arkansas,  char- 
acter of 180 

Florence,  8.  C,  crystalline  floor  at, 

depth  to 146 

Florida,  artesian  areas  In,  map  show- 
ing         161 

geology  of 16<» 

mineral  springs  In 162-163 

publications  on  water  resources 

of 163 

springs   in 161.162-163 

topography  of 159 

underground  waters  of 160-162 

wells  in 160. 161. 102 

Flows,  artesian,  essential  conditions 

of 34-36 

Sec  also  Artesian  wells,  artesian 
conditions,  etc. 
Foliation,  relation  of,  to  occurrence 

of  ground   water 23 

Fort  Ethan  Allen,  Vt.,  well  at,  depth 

of 66 
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Puller,  M.  L.,  paper  by,  on  occurrence 

of  ground  water 18-40 

paper  by,  on  undergroun«]  waters 

of  Florida 159-163 

on   underground   waters  of 

New  Hampsblre 57-59 

on   underground   waters  of 

North  Carolina 136-139 

on   underground   waters  of 

Pennsylvania 104-110 

on  underground   waters  of 

West  Virginia 271-272 

Fuller,  M.  L.,  and  Darton,  N.  H., 
paper  by,  on  underground 
waters     of     District     of 

Columbia 124-126 

paper  by,  on  underground  waters 

of  Maryland 114-123 

on   underground   waters  of 
Virginia 127-135 


O. 


Galena  limestone  in   Illinois,  water 

resources  of 250 

Galena-Trenton   formation   in   Iowa, 

water  resources  of 224 

in  Wisconsin  district,  occurrence 

and  character  of 230 

water  resources  of .     238 

Gardiner,   Me.,   springs   near,   water 
from,  analysis,  flow,  use, 

etc.,  of 51,52 

Gas  and  brine  wells  In  Alabama 169 

(jasconade    limestone     In     .Missouri, 

springs  from 217 

Georgia,  flowing  wells  In,  map  show- 
ing areas  of 156 

geology  of 153-155 

mineral  springs  in 157 

publications  on  water  resources 

of 158 

wells  In 154 

Geyser  springs,  discussion  of 32 

Glacial  drift.     See  Drift. 
Glacial  till.     See  Till ;  Drift. 
Glenn,   L.   C,   paper   by,   on   under- 
ground  waters  of  South 

Carolina 140-152 

paper  by,  on  underground  waters 
of  Tennessee  and  Ken- 
tucky    198-208 

Gneiss,  water  In 28 

Grand   Gulf  group  in   Alabama,  ex- 
tent of 166 

In     Alabama,     water    resources 

of 166-167 

in  Mississippi,   water  resources 

of 176-177 

Grand  Isle,  Vt.,  wells  at 64 

Granite,  porosity  of 23 

water  in 28 

Graydon     sandstone     in     Missouri, 

springs  from 218 

Grayel  and  sand,  water  from,  char- 
acter and  amount  of 25 


rage. 

Greeny llle.  Me.,  wells  at 48 

Gregory,  H.  B.,  paper  by,  on  under- 
ground waters  of  Con- 
necticut   76-81 

Ground  water,  occurrence  and  amount 

of 24 

sources  of 18-21 

See  also  Underground  water. 

Gulf  coast,  rainfall  along 19 

Gulf  Coastal  Plain  of  Kentucky,  geol- 
ogy and  water  resources 

of 207-208 

of    Tennessee,    water    resources 

of 202-204 

H. 

Hall,  C.  W.,  paper  by,  on  under- 
ground waters  of  Minne- 
sota    226-232 

Harrison,  Me.,  spring  at,  water  from, 

analysis,  flow,  etc.,  of 54,56 

Hatchetlgbee  formation  In  Missis- 
sippi, water  resources   of_       174 

Henrietta     formation     In     Missouri, 

water  resources  of 213 

Highland  Plain  of  Tennessee,  water 

resources  of 200-202 

Holmes,  J.  A.,  information  furnished 

by 136 

Hudson    group    in    Indiana,    water 

resources  of 260 

in  Michigan,  water  resources  of.       245 

I. 

Illinois,  artesian  wells  In,  localities 

favorable  for 252-254 

drift  in,  map  showing  thickness 

of 252 

geologic  column  of 248-250 

geologic  map  of 248 

mineral  springs  of 256 

publications  on  water  resources 

of 257 

water-bearing  formations  of 2.50  252 

waters  of,  character  of 254-256 

Impervious   rock,   spring  at  outcrop 

of,  plate  showing 30 

Indiana,  artesian  wells  In,  localities 

favorable  for 262 

drift  in,  map  showing  thickness 

of 262 

geologic  column  of 258-250 

geologic  map  of 260 

mineral  springs  of 263-264 

publications  on  water  resources 

of 264 

water-bearing  formations  of__  259-262 
Iowa,    artesian    localities     In,    map 

showing 222 

geologic  section  of 221 

mineral  springs  of 225 

publications  on  water  resources 

of 225 

rainfall  In 20 

underground  waters  of 220-225 

Irrigation  In  Connecticut 81 
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Jackson  beds  In  Louisiana  and 
southern  Arkansas,  char- 
acter of 180,  186 

in  Mississippi,  character  of 176 

Johnson,  L.  C,  paper  by,  on  under- 
ground waters  of  Missis- 
sippi   171-178 

Johnson,    Vt.,    spring    water    from, 

analysis  of 63 

Jointed   rock,   wells   in,   supply   for, 

figure  showing 28 

Joints,   circulation    of   water   along, 

figure  showing 35 

definition  of,  and  effect  on  pas- 
sage of  water 23 

in  Newark  system  of  New  Jer- 
sey           96 

openingfi  of,  plate  showing 22 

springs  along,  map  showing 32 

Jordan  sandstone  In  Iowa,  water  re- 
sources of 223 

in  Minnesota,  water  resources  of.      227 

K. 

Kentucky,  mineral  springs  in 208 

publications  on  water  resources 

of 208 

springs  in 206,  207,  208 

water     resources     and     geology 

of 206-208 

Keweenawan  series  In  Wisconsin  dis- 
trict, occurrence  and 
character  of 234 

Kingfleld,  Me.,  spring  near,  water 
from,  analysis,  flow,  etc., 
of    54,55 

KIttatlnny  Valley,  N.  J.,  geology  and 

water  supply  of 04 

Knapp,  G.  N.,  paper  by,  on  under- 
ground waters  of  New 
Jersey 93-103 

Knobetone     formation     in     Indiana, 

water  resources  of 260 

L. 

Lafayette  formation  in  Alabama,  ex- 
tent and  water  resources 
of 166 

in  Georgia,  character  of 153 

in  Maryland,  character  of 117 

in  Mississippi,  character  of 177 

in  South  Carolina,  geology  of_  148-149 
in  Tennessee,  geology  and  water 

resources  of 204 

in  Virginia,  character  of 128 

Lake.     Sec  next  word  of  name. 
Lake  deposits  of  Wisconsin  district, 

water  resources  of 239 

Lakes,  public  supplies  obtained  from, 

in  Maine 45 

Lane,  A.  C,  cited  on  underground 
waters  of  Lower  Mich- 
igan         242 


Page. 
Leverett,  Prank,  paper  by,  on  under- 
ground   waters    of    Illi- 
nois   248-257 

paper  by,  on  underground  waters 

of  Indiana 258-264 

on   underground   waters  of 

Ohio 265-270 

Lewlston,  Me.,  spring  near,  water 
from,  analysis,  flow,  etc., 

of 54,55 

Lexington  Plain  of  Kentucky,  water 
resources      and      geology 

of 206-207 

Llgnitic  group  in  Alabama,  artesian 

horlsEons  in 168-169 

in  Kentucky,  water  resources  of_       207 
in      Mississippi,     geology     and 

water  horlsons  of 174—175 

in  Tennessee,  geology  and  water 

resources  of —  203-204 

Limestone,  porosity  of 23 

water      from,      character      and 

amount  of 27 

wells  obtaining  water  from,  vari- 
ation in  supply  of,  figure 

showing 27 

Lisbon  formation  in  Alabama,  water 

resources    of 175 

Lockatong  beds  in  New  Jersey,  char- 
acter of 96 

Locksburg,  Ark.,  section  from  Cam- 
eron, La.,  to 183 

lioess    in    Tennessee,    geology     and 

water  resources  of ,       204 

Ix>gan  sandstone  in  Ohio,  water  re- 
sources of 267 

Ix>ng  Island,  Maine,  spring  on,  water 

from,  use,  etc 51 

Ijouislana,  mineral  springs  of 186 

publications  on  water  resources 

of 187 

sections  in 183,184 

Louisiana  and  southern  Arkansas, 
artesian    areas    in,    map 

showing 182 

deep    water    prospects   in,    map 

showing 181 

geology   of 179-180 

water  horizons  in 181-186 

wells  in 182,183 

Lower  Helderberg  limestone  in  Indi- 
ana, water  resources  of—       260 
Lower  Magnesian  limestone  in  Wis- 
consin    district,     occur- 
rence and  character  of 236 

in  Wisconsin  district,  water  re- 
sources of 23^ 

Sec  also  Oneota  formation. 
Lower  Marshall  sandstone  In  Mich- 
igan, water  resources  of.      246 

M. 

McCallie,  8.  W.,  paper  by,  on  under- 
ground waters  of  Geor- 
gia    153-158 
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Magothy     formation     In    Maryland, 

character  of 117 

In  Maryland,  water  horizons  in.       119 
Maine,  flowing  wells  in,  map  showing 

location  of 40 

neology  of 41-42 

lakes  used  for  public  supplies  In.         45 

private  supplies  in 47-50 

public  supplies   in 43-47 

publications  on  water  resources 

of    56 

rivers  used  for  publ ic  suppl les  in.         44 

springs  in 48-56 

springs  used  for  public  supplies 

in 46 

topography  of 41 

wells  In 46-48 

Maquolceta  shale  in  Iowa,  character 

of 224 

Marais   des   Cygnes   shales    in    Mis- 
souri, water  resources  of_       213 
Marion,   S.   C,   crystalline   floor  at, 

depth   to 146 

Marl  series  in  New  Jersey,  sul)divi- 

sions  of 98 

Marlbrook  formation  in  I^ouisiana 
and    southern    Arkansas, 

character   of 180 

Maryland,  publications  on  water  re- 
sources of 123 

sections  In 118, 120 

springs   in 115-116 

streams  in 116 

topography  and  geology  of 114-115 

water  horizons  in 118-120 

•    wells  in 110-119,121,122,123 

Massachusetts,  geology  of  Rhode  Is- 
land  and 6S-09 

mineral  springs  in 73-75 

principal   pubi  lent  ions  on  water 

resources    of 75 

water-supply  areas  In  Rhode  Is- 
land and 69-73 

waters  of,  normal  chlorine  in 73 

Matawan     formation     In    Delaware, 

character  of 111 

Medina  beds  in  Indiana,  water  re- 
sources of 260 

Michigan,  lower,  geologic  map  of 243 

mineral  springs  of 246-247 

publications  on  water  resources 

of 247 

section  across 244 

topography  and  geology  of 242 

underground  waters  of "242-247 

Michigan  series  In  Michigan,  water 

resources  of 246 

Midway  beds  in  Louisiana  and 
southern  Arkansas,  char- 
acter of 180 

In  Mississippi,  character  of 174 

Mineral  springs.     See  Hprings,  min- 
eral. 
Minnesota,   artesian    basin    in.   map 

showing 229 
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Minnesota,  artesian  basins  in 228-230 

publications  on  water  resources 

of 232 

rainfall  in 20 

springs   in 231-232 

water  resources  of 226-232 

wells  In 231 

Missisquoi  Spring,  Vt.,  water  from, 

analysis  of 64 

Mississippi,  geologic  map  of 172 

geology  and  underground  waters 

of 171-177 

mineral  springs  of 177-178 

publications  on  water  resources 

of 178 

springs   in 171, 

173,  174,  175,  176,  177-178 

wells  in 171, 

172,  173,  174,  175,  176,  177 

Mississippi  delta,  rainfall  in 19 

Mississippi-Great  Lakes  basin,  char- 
acter of  and  water  condi- 
tions in 40 

Mlssissippian  rocks  of  Mississippi, 
geology  and  water  re- 
sources of 171 

See  aUo  names  of  formations. 

Missouri,  artesian  wells  in 214-215 

geologic  map  of 210 

geology  of 210 

mineral  springs  of 219 

publications  on  water  resources 

of 219 

section  through 211 

springs   in 212, 

21.3-214,  21.5,  216,  217,  218.  219 

topography  of 209 

underground  waters  of 211-218 

water   resources  of,   map  show- 
ing         212 

wells  In__  211-212,214,  21.5,216,217 
Monroe  limestone  in  Michigan,  water 

resources  of 245 

Montpelier.  Vt..  water  system  at 60 

Municipal  supplies.  See  Public 
water-supply  systems. 

N. 

Nacatoch  sand  in  Louisiana  and 
southern  Arkansas,  water 
resources  of 180,183-184 

Naheola    formation    in    Mississippi, 

water  resources  of 174 

Nanafalla  formation   In   Mississippi, 

springs  from 174 

Napoleon     sandstone     in     Michigan, 

water  resources  of 246 

Nashua   Valley,   Mass.,   geology  and 

water  supply  of 72 

Nashville  basin,  Tenn.,  water  re- 
sources of 201 

Navesink    formation    In    Delaware, 

character   of 111 

New  England,  rainfall  in 20 
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New  nampshlre,  geology  of 57-58 

publlcatloDB  on  water  resources 

of   50 

springs  In 59 

topography  of 57 

wells  In 58 

New  Jersey,  geology  and  water  sup- 
ply  of 04-103 

mineral  springs  In 102-103 

publications  on  water  resources 

of 103 

sections  across  southern 06 

topographic  provinces  of 93-94 

underground     water    areas     In, 

map  showing 93 

wells   In   (^oastal    Plain,   statis- 
tics  of 98-100 

New  Richmond  sandstone  in  Minne- 
sota, water  resources  of_       227 

In  Wisconsin,  correlation  of 223 

New  York,  geology  and  underground 

waters  of 83-87 

map  showing  geologic  areas  and 

spring  localities  In 84 

mineral  springs  of 87-91 

physiography  of 82-83 

publications  on  water  resources 

of    92 

springs   In 83,  84,  85,  86.  87-91 

wells  In 83,84,85,86 

Newark  area  of  New  Jersey,  geology 

and  water  supply  of 96 

Niagara  limestone  In  Illinois,  water 

resources  of 250,267 

In  Indiana,  water  resources  of__  260 
In  Michigan,  water  resources  of_  246 
In  Wisconsin  district,  occurrence 

and  character  of 236-237 

water  resources  of 239 

Nobleboro,    Me.,    spring   near,    water 
from,  analysis,  flow,  etc., 

of 54,56 

Normal  chlorine  In  waters  of  Massa- 
chusetts          73 

North   Carolina,   geology   and   water 

horizons  of 136-139 

mineral  springs  of 139 

publications  on  water  resources 

of 139 

rainfall  In 20 

wells  In  Coastal  Plain  region.  137-138 
Northeast  Harbor,  Me.,  spring  near, 
water  from,  flow,  use,  etc., 

of 51 

Norton,  W.  H.,  paper  by,  on  under- 
ground waters  of  Iowa_  220-225 
Norway,  Me.,  spring  near,  water  from, 

flow,  use,  etc.,  of 52 

O. 

Ohio,  artesian  wells  In,  localities  fa- 
vorable for 268-269 

drift  In,  map  showing  thickness 

of 262 
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Ohio,  geologic  column  In 265-266 

geologic  map  of 260 

publications  on  water  resources 

of 270 

mineral  springs  In 269-270 

nnderground   water   In,   charac- 
teristics of 266 

water-bearing  formations  In  _  266-208 

wells  In 269 

Oneota  formation  in  Iowa,  water  re- 
sources of 223 

In  Minnesota,  water  resources  of       227 
Onondaga  limestone  In  Ohio,  water 

resources  of 267 

Ontario  province.  New  York,  extent 

of 82 

Orangeburg,  8.  C,  crystalline  floor  at, 

depth  to 146 

Ordovlclan  rocks  of  Arkansas,  north- 
ern, water  resources  of 191 

of  Iowa,  water  resources  of 223-224 

of   Minnesota,    water    resources 

of 227-228 

of  New  York,  geology  and  water 

supply  of 84-85 

Bre  also  names  of  formations. 
Orton,  Edward,  on  waters  of  Ohlo__       266 
Osark-St.  Francis  Dome,  Mo.,  water 

resources  of 216-218 


Paleozoic  rocks  in  Arkansas,  north- 
ern, water  resources  of  191-195 
in  Georgia,  geology  and  under- 
ground waters  of 154-155, 

156-157 
In   I^ulslana  and  southern  Ar- 
kansas, character  of 180 

Ree  alao  names  of  formations. 
Pamunkey    formation    In    Delaware, 

character  of 111 

In  Maryland,  character  of 117 

water  resources  of 119 

In  Virginia,  character  and  water 

resources  of 128-129 

Parma  sandstone  In  Michigan,  water 

resources  of 246 

Pennsylvania,    geologic    subdivisions 

of,  figure  showing 105 

geology  of 104-105 

mineral  springs  In 109 

publications  on  water  resources 

of 110 

streams  and  lakes  In 105-106 

topography  of 104 

wells  In 106-108 

Pentremltal   limestone  In   Arkansas, 

water  resources  of 194 

I*erklns,  G.  H..  paper  by,  on  under- 
ground waters  of  Ver- 
mont   60-67 

PermeablUty  of  rocks,  discussion  of  _  21-24 
Piedmont  Plateau,  character  and  wa- 
ter resources  of 89 
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154 


114 
116 


Page, 
Piedmont  Platean  of  Georgia,  geol- 
ogy     and      underground 

waters   of 

of  Maryland,  extent  and  geology 

of 

wells  In 

of  New  Jersey,  geology  and  wa- 
ter resources  of 96-97 

wells  and  population  In 101, 102 

of  North  Carolina,  geology  and 

underground  water  of 138 

of  Pennsylvania,  extent  of 104 

geology    of 104-105 

of  South  Carolina,  geology  and 

water  resources  of :  140-146 

of  Virginia,  geology  and  under- 
ground waters  of 

Pine  Point,  Me.,  spring  near,  water 

from,  flow,  use,  etc.,  of 

PIttsfleld,    Me.,    spring   near,    water 

from,  flow,  use,  etc.,  of 

Poland,  Me.,  spring  near,  water  from, 

analysis,  flow,  etc.,  of_  52,  54,  56 
l^ollution.     See  Contamination. 
Pontchartrlan    clay    In    Mississippi, 
character  and   water  re- 
sources of 

Porosity,   relation  of,   to  occurrence 

of  ground  water 

Port  Hudson  group  In  Mississippi, 
character  and  water  re- 
sources of 

Porters  Creek  clay  in  Kentucky,  ge- 
ology and  water  resources 

of-j: 

In  Tennessee,  water  resources  of 

Portland,  Me.,  spring  63  miles  from, 

water  from,  analysis,  flow, 

etc.,  of 54,55 

Potomac     formation     In     Delaware, 

character   of 111 

In  District  of  Columbia,  geology 

and  water  resources  of_  125-126 
In    Maryland,    water    horizons 

In 118-119,  120,  121,  122 

In    North   Carolina,    occurrence 

and  character  of 136-137 

In  South  Carolina,  geology  and 

water  horizons  of 146-147 

In  Virginia,  character  of  and  wa- 
ter horizons  In 128 

Potsdam  sandstone  In  Illinois,  water 

resources  of 250 

in  Wisconsin  district,  occurrence 

and  character  of 234-235 

water  resources  of 237 

porosity  of 23 

Pre-Cambrian  rocks  of  New  York,  ge- 
ology  and   water  supply 

of 83 

of  Wisconsin  district,  occurrence 

and  character  of 234 

Sec  also  Crystalline  rocks. 
PrecIpIUtion.    See  BalnlaU. 


132 


51 


51 


177 


23 


177 


207 
203 


Page. 
Public     water-supply      systems      In 

Maine 43-47 

in  Vermont 60-62 

Pumps,  kinds  of 88 

I*urdne,  A.  H.,  paper  by,  on  under- 
ground waters  of  north- 
ern   Arkansas 188-197 

Q. 

Quartzite,  water  from,  character  and 

amount  of 27 

Quaternary  rocks  of  Mississippi, 
geology  and  water  hori- 
zons of f 177 

of  New  York,  geology  and  water 

supply  of 87 

Sec  also  Dijft. 

R. 

Rainfall,  amount  of 19-20 

disposal  of 20-21 

in  Connecticut 76 

In  eastern  United  States,  figure 

showing 19 

in  Tennessee 198 

In  Vermont 60 

relation  of  run-off  to 20 

Rancocas    formation    in    Delaware, 

character  of 111 

Rarltan     formation     In     Delaware, 

character  of 111 

In  New  Jersey,  character  of 97 

Hedbank     formation     In     Delaware, 

character  of 111 

Red    River    Valley,    Minn.,    artesian 

conditions  in 230 

Rhode  Island,  geology  of  Massachu- 
setts and 68-69 

mineral  springs  in 75 

publications  on  water  resources 

of 75 

water  supply  areas  In  Massachu- 
setts and 69-78 

Ripley  formation  In  Alabama,  water 

resources  of 168 

in  Kentucky,  geology  and  water 

resources  of 207 

In   Mississippi,   water   resources 

of 173 

In  Tennessee,  geology  and  water 

resources  of 208 

Rivers,  public  supplies  obtained  from, 

in  Maine 44 

Rocks,  permeability  and  storage  ca- 
pacity of 21-24 

Rocks,  water-bearing,  discussion  of-  26-28 
Rotten  limestone  in  Tennessee,  geol- 
ogy and  water  resources 

of 208 

See  also  Selma  chalk. 
Run-off,  relation  of  rainfall  to 20 
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Sabine  group  In  T^oulsiana  and  Bouth- 
em   Arkansas,   character 

and  water  resources  of 180, 

184-185 
Saco,  Me.,  spring  near,  water  from, 

analysis,  flow,  etc.,  of.  51,  54,  55 
Saginaw  Valley,  Mich.,  underground 

waters  in 244 

St.  Albans,  Me.,  spring  near,  water 
from,  analysis,  flow,  etc., 

of 54,55 

St.  Croix  sandstone  in  Iowa,  water 

resources  of 225 

St.  Louis  limestone  in  Illinois,  water 

resources  of 251 

in  Indiana,  water  resources  of —       261 
St  Peter  sandstone  in  Illinois,  water 

resources  of .'_       250 

in  Indiana,  water  resources  of 259 

in  Iowa,  water  resources  of 223 

in   Minnesota,   water   resources 

of 227-228 

in  Missouri,  water  resources  of.       213, 
214,  215,  216 
in  Wisconsin  district,  occurrence 

and  character  of 236 

outcrop  of,  map  showing 235 

water  resources  of 238 

Salina  beds  In  Michigan,  water  re- 
sources of 245 

Salt  springs  In  Missouri 213-214 

Salt  water,  origin  of 18 

Sand,  porosity  of 23 

Sand  and  gravel,  water  from,  char- 
acter and  amount  of 25 

Sandstone,  porosity  of 23 

water     from,      character     and 

amount  of 27 

view  of,  under  microscope 24 

Schistoslty,  relation  of,  to  occur- 
rence of  ground  water 23 

Schists,  water  in 28 

Schultx,  A.  R.,  paper  by,  on  under- 
ground waters  of  Wiscon- 
sin  district 233-241 

Sea    water,    ground    water    derived 

from 18 

Seepage,    recovery    of    underground 

water  by 29-30 

Seepage  springs,  discussion  of 80 

Selma  challc  in  Mississippi,  occur- 
rence of 173 

Severn  formation  In  Maryland,  char- 
acter of 117 

Shakopee  formation  In  Minnesota,  oc- 
currence of 227 

^hepard,  E.  M.,  paper  by,  on  under- 
ground waters  of  Mis- 
souri   209-219 

Silurian  rocks  of  New  York,  geology 

and  water  supply  of 85-86 

of    Pennsylvania,    geology    and 

water  supply  of 107 

See  aldo  names  of  formations. 
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Sink  hole,  plate  showing 20 

See  also  Solution  caverns. 

Slate,  cleavage  In,  plate  showing 22 

water     from,     character     and 

amount  of 27 

Smith,  B.  A.,  paper  by,  on  under- 
ground waters  of  Ala- 
bama    164-170 

Solution  caverns,  relation  of,  to 
occurrence      of      ground 

water    22 

South  Britalu,  Conn.,  springs  along 
faults  or  Joints  near,  map 

showing 32 

South  Carolina,  geology  and  water 

horlxons  of 140-152 

publications  on  water  resources 

of 152 

sections  In  eastern 148 

springs  In 141-142 

streams  in 145, 152 

subdivisions    and    climatic   fea- 
tures of 140 

wells  In 142-145,149-152 

South  Poland,  Me.,  spring  at,  water 
from,  analysis,  flow,  etc., 

of 54.56 

Spaulding  well.  Mo.,  description  of 215 

Spring    at    outcrop    of    impervious 

rock,  plate  showing 30 

Spring    water,     analyses    of,    from 

Maine 52-53,55-56 

analysis  of,  from  Vermont ; —  63,  64 

Springs,  occurrence  and  character  of, 

in  Alabama 164, 

165,  166,  167.  168 
occurrence  and  character  of,  In 

Arkansas,   northern 191 

In   Connecticut 78,  80-81 

in  Florida 161,162-163 

in   Kentucky 206,207,208 

in  Maine 48-56 

in  Maryland 115-116 

in  Minnesota 231-232 

in  Mississippi 171, 

173,  174.  175, 176,  177-178 

in  Missouri 212. 

213-214.  215.  216,  217,  218.  219 

In  New  Hampshire 59 

In  New  York-_83,  84,  85,  86.  87-91 

In  South  Carolina 141-142 

In  Tennessee 199. 

200,  201.  202,  203.  204.  205 

In  Vermont 62-64 

In  Wisconsin  district 239-241 

public    supplies    obtained    from, 

In   Maine 46 

recovery  of  underground  waters 

by  means  of 30-32 

See  aUfo  Springs,  mineral. 
Springs,    commercial.     See    Springs, 
mineral. 
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Springs,  mineral,  analjaes  of  water 

from,   of   Vermont 64 

occurrence  of,  In  Alabama 170 

In  Arkansas 196-197 

In  Connecticut 80-81 

In  District  of  Columbia  ...       126 

In  Florida 162-163 

In  Georgia 157 

In   Illinois 256 

In  Indiana 263-264 

In  Iowa 225 

In  Kentucky 208 

In  Louisiana 186 

In  Massachusetts 73-75 

In  Michigan,  lower 246-247 

in   Mississippi 177-178 

in  Missouri 219 

In  New  Jersey 102-103 

In  New  York 87-91 

In  North  Carolina 139 

In  Ohio 269-270 

In   Pennsylvania 109 

In  Rhode  Island 75 

In  Tennessee 205 

In  Vermont 63-64 

In  Virginia 133-134 

In  West  Virginia 272 

in  Wisconsin  district 240-241 

See  also  Springs. 
Stockton  beds  In  New  Jersey,  char- 
acter of 96 

Storage  capacity  of  rocks.     See  Per- 
meability. 
Stream    deposits     In     Pennsylvania, 

water  supply  of 106 

Streams    In    South    Carolina,    water 

supply  obtained   from.   145.  152 
run-off  of,  relation  of  rainfall  to         20 
Strong.  Me.,  spring  near,  water  from, 

analysis,  flow,  etc.^  of 54,  66 

Sucamochee    formation     in     Missis- 
sippi, character  of 174 

T. 

Taconic  province.  New  York,  extent 

of 82 

Tallahatta  formation  In  Mipslsslppi, 

water  resources  of 175 

Temperature  of  underground  waters, 

discussion  of 28-29 

Tennessee,  mineral  springs  iu 20.'» 

publications    on  water  resources 

of 205 

rainfall   in 20,198 

springs  in 199. 

200,  201,  202.  203,  204.  205 
topography  of—  198.199,200-201.202 
valley  of  East,  water  resources 

of 198-199 

water  resources  of 198- 

199.  200.  201-202,  203-205 
welU  In 203,  204 


Page. 
Tennessee  River,  water  resources  of 

western  valley  of 202 

Tertiary  deposits  of  Arkansas,  water 

resources  of 195-196 

of  Indiana,  water  resources  of 261 

of     Mississippi,      geology     and 

water  resources  of 174-177 

of    New    Jersey,    geology     and 

water  resources  of 98 

Thunder    Bay    River,    Mich.,    under- 
ground waters  near 244 

Till  In  Connecticut,  water  resources 

of 79-80 

In    l*ennsylvanla,    geology    and 

water  resources  of 106 

water      from,      character      and 

amount  of 26 

See  also  Drift. 
I'ogus,  Me.,  spring  near,  water  from, 

analysis  and  use  of 52,  53 

Topsham,    Me.,    spring    near,    water 
from,  analysis,  flow,  etc., 

of 54,55 

Town    supplies.      Svv    Public    water 

supply  systems. 
Traverse  series   In   Michigan,   water 

resources  of 245 

Trenton  limestone,  porosity  of 23 

springs  from 84 

water  resources  of,  in  Ohio 267 

In  Indiana 259 

in  Michigan 245 

In  Missouri 217 

Trlasslc  rocks,  geology  and  water  re- 
sources of.  In  New  York-         86 
geology  and  water  supply  of.  In 

•    Pennsylvania 107 

In  Virginia 132 

Trlasslc  sandstone,  porosity  of 23 

of   Connecticut    Valley,   geology 

and  water  supply  of 77-78 

Tuscaloosa    formation    In    Alabama. 

water  from,  character  of_       167 
In   Mississippi,   water   resources 

of 173 

U. 

Underflow,  lines  of,  figure  showing..         30 
rnderground  channel,  plate  showing.         20 

springs  from 31 

Underground     water     conditions     In 
eastern     United     States, 

discussion  of 35-40 

Underground  waters,  occurrence  of__  18-40 

recovery  of 29-34 

temperature  of 28-29 

See  also  Ground  water. 
Upper  Marshall  sandstone.     See  Na- 
poleon sandstone. 
Utica  shales  in  Michigan,  water  re- 
sources of 245 
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Vauffhan,  T.  W.,  Information  fur- 
nished by 160 

Veatcb,  A.  C,  paper  by,  on  under- 
ground water  of  Louisi- 
ana and  southern  Ar- 
kansas   179-187 

Vermont,    drift,     water-bearing,    of, 

map  showing 65 

lakes  and  ponds  In Oo-Oii 

mineral  springs  in 63-(54 

publications  on  water  resources 

of 07 

public  supplies  in 00-62 

springs  in 02  04 

topography  and  geology  of 00 

wells  In 04-05 

Vicksburg  formation  in  Louisiana 
and    southern    Arkansas, 

character  of 180 

in  Mississippi,  character  of 170 

Vienna,  Me.,  spring  near,  water  from, 
analysis,    flow,    use,   etc., 

of 52,53 

Village  supplies.  See  Public  water 
supply  systems. 

Virginia,  mineral  springs  In 133-134 

physiographic  divisions  of 127 

publications  on  water  resources 

of 134  135 

sections  In  eastern 128 

wells  In  coastal  plain  of 120-131 


W. 


Water,  salt.     See  Salt  water. 

Water,  sea.     See  Sea  water. 

Water,  spring.     See  Spring  water. 

Water,  underground.  See  XTnder- 
ground  water. 

Water-bearing  formations,  discussion 

of 25-28 

features  of,  figures  showing 34-35 

Water  supply.  See  Public  water- 
supply  systems. 

Waterllme   beds    in    Indiana,    water 

resources  of 200 

Watervllle,  Me.,  spring  near,  water 
from,  analysis,  flow,  use, 
etc.,    of 51,  52 

Waverly  shale  In  Indiana,  water  re- 
sources of 260 

Weathered  rocks,  occurrence  of  water 

in    37-38 

Weeks,  F.  B.,  paper  by,  on  under- 
ground waters  of  New 
York 82-92 

Wells  at  Atlanta,  Ga.,  character  of 28 

Wells,  contamination  of,  in  Georgia.  164, 157 
contamination  of,  in  Maine 48 

Wells,  In  South  Carolina 142-144 

In  limestone,  variations  in,  fig- 
ure  showing 27 

kinds  of,  description  of 33 


Page. 
Wells,    occurrence    and    character    of, 

in    Alabama-  104, 165.  107, 109 
occurrence  and  character  of.  In 

Arkansas,  northern—  191,192 
in  Arkansas,  southern,  and 

Louisiana 182,  183 

In  Connecticut 77,  78.  79,  80 

In  Delaware 112-113 

In  District  of  Colombia 125 

In  Florida 100, 101, 102 

in  Georgia 154 

in  Ix>ulslana  and  southern 

Arkansas 182.  183 

in  Maryland 110-119. 

121,  122.  123 

In  Minnesota 231 

in  Mississippi 171, 

172,  173,  174.  175,  170.  177 

in  Missouri 211-212, 

214,  215,  210,  217 

In   New  Hampshire 58 

in  New  Jersey 98-102 

in  New  York 83,  84,  85.  86 

in  North  Carolina,  Coastal 

Plain  region  of 137-138 

in  Ohio 209 

In  Pennsylvania 100-108 

in  South  Carolina 142-145, 

149-152 

in  Tennessee 203.  2(H 

in  Vermont 64-65 

In  VIrglnia,Coastal  Plain.   129-131 
See  also  Wells,  artesian ;  Wells, 
deep,  etc. 

Well,  artesian,  plate  showing 30 

Wells,  artesian,  In  Alabama 165 

in    Illinois,    localities   favorable 

for 252-254 

in  Indiana,   localities  favorable 

for 262 

In   Missouri 214-215 

in     Ohio,     localities     favorable 

for     268-269 

See  also  Wells ;  Artesian  condi- 
tions :  Artesian  flows. 

Wells,  bored,  kinds  of 33 

Wells,  deep.  In  South  Carolina 143- 

145,  152 

in  Vermont 64-65 

Wells,  drilled,  in  Maine 46-47,  48 

kinds  of 33 

relative    si«e    and    capacity    of 
dug     wells     and,     figure 

showing 26 

Wells,  driven,  character  and  advan- 
tages of S3 

Wells,  dug,  character  and  advantages 

of 83 

relative    size    and    capacity    of 
drilled   wells  and,   figure 

showing 26 

Wells,  open,  in  South  Carolina—  142-143 

Wells,  shallow,  in  Alabama 164 

In  South  Carolina 151-152 
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West    Hancock,    Me.,    spring    near, 
water      from,      analysis, 

flow,  use,  etc.,  of 54,  55 

West  Pownal,  Me.,  spring  near,  wa- 
ter from,  analysis,   flow, 

etc.,  of 54,  55 

West  Scarboro,  Me.,  spring  near,  wa- 
ter from,  flow,  use,  etc., 

of 51 

West  Virginia,  mineral  springs  of 272 

publications  on  water  resources 

of 272 

underground  waters  of 271-272 

Wilmington,   S.  C,  crystalline  floor 

at,  depth  to 146 

Wisconsin  district,  geology  of 234-237 

mineral  springs  of 240-241 


Page. 
Wisconsin   district,   publications   on 

water  resources  of 241 

Potsdam    and    St.    Peter    sand- 
stones In,  map  of  outcrop 

of 235 

section  in 238 

springs   in 239-241 

topography  of 233-234 

underground  waters  of 237-241 

Wisconsin   River,  section  from  Cap 

au  Grfts  to 253 


Zircon,  Me.,  spring  at,  water  from, 

analysis,  flow,  etc.,  of 54,  55 
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Fuller,  Myron  L[eslie]  1873- 

.  .  .  Underground  waters  of  eastern  United  States. 
Myron  L.  Fuller,  geologist  in  charge.  Washington, 
Gov't  print,  oflf.,  1905. 

285  p.,  11.  illus.,  XVIII  pi. (inch  maps)  23«'».  ( U.  S.  Geological  survey . 
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Subject  series:  O,  Undei^ground  waters,  31. 

Includes  papers  by  M.  L.  Fuller,  W.  8.  Bayley,  G.  H.  Perkins,  W.  O. 
Crosby,  11.  E.  Gr^?ory,  F.  B.  Weeks,  G,  N.  Knapp,  N.  H.  Darton,  L.  C. 
Glenn,  S.  W.  McCallie,  E.  A.  Smith,  L.  C.  Johnson,  A.  C.  Veatch,  A.  H. 
Purdue,  E.  M.  Shepard,  W.  H.  Norton,  C.  W.  Hall,  A.  R.  Schultz  and 
F.  Leverett 

Bibliographies  at  end  of  articles. 

1.  Water,  Undei^round— U.  S. 
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Page    11.  Fig.  1  should  have  had  the  title  **  Profile  of  Catawba  River  from  Marion 

to  Connelly  Springs,  N.  C,"  and  been  placed  at  page  13. 
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Page    76.  PI.  IV  should  have  had  the  title  *'  Profile  of  Chippewa  River  from  Ree<l8 
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LETTER    OF    TRANSMITTAL. 


Department  of  the  Interior, 
United  States  Geological  Survey, 

Hydrographic  Branch, 
Washington,  D,  C,  July  23,  1904. 
Sir  :  I  have  the  honor  to  transmit  herewith  a  paper  entitled    *  *  River 
Surveys  and  Profiles  Made  in  1903,''  which  has  been  arranged  by 
W.  Carvel  Hall  and  John  C.  Hoyt. 

This  paper  contains  the  results  of  the  cooperative  river  surveys 
carried  on  during  1903  between  the  topographic  and  hydrographic 
branches. 

There  is  a  large  demand  for  the  data  herein  presented  by  engineers 
and  others  interested  in  power  development.  I  therefore  recom- 
mend that  this  manuscript  be  published  as  a  Water-Supply  and 
Irrigation  Paper. 

Very  respectfully,  F.  H.  Newell, 

Chief  Engineer. 
Hon.  Charles  D.  Walcott, 

Director  United  States  Geological  Survey. 
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RIVER  SURVEYS  AND  PROFILES  OF  1903. 


Arranged  by  W.  C.  Hall  and  J.  C.  Hoyt. 


INTRODUCTION. 

In  order  to  determine  the  location  of  the  undeveloped  water 
powers  on  the  various  rivers  in  the  tJnited  States  the  United  States 
Geological  Survey  has  from  time  to  time  made  surveys  and  profiles  of 
the  more  important  of  the  rivers  on  which  possible  power  sites  were 
known  to  be  located.  The  object  of  these  surveys  is  to  point  out 
localities  where  power  may  be  developed. 

In  the  determination  of  the  river  profiles  the  general  plan  of  survey 
adopted  was  as  follows : 

The  elevations  were  based  upon  reUable  heights  derived  from 
primary  or  precise  levels  of  the  United  States  Geological  Survey. 
On  this  datum,  with  few  exceptions,  lines  of  flying  levels  were  car- 
ried up  the  bank  of  each  stream  and  bench  marks  were  established 
at  intervals  of  about  1  mile,  usually  on  nails  on  tree  roots.  The 
elevations  of  the  surface  of  the  water  at  the  head  and  foot  of  each 
shoal,  rapid,  or  fall  were  noted.  These  levels,  with  few,  exceptions, 
have  been  tied  at  both  ends. .  In  the  case  of  Broad  River  primary 
levels  were  used  instead  of  flying  levels,  and  regulation  bronze  tab- 
lets left  at  intervals  of  6  miles. 

The  horizontal  control  of  the  survey  was  by  plane  table  oriented  by 
compass,  while  the  distance  was  always  obtained  by  means  of  stadia 
measurements.  To  further  insure  the  accuracy  of  the  work,  the 
stadia  rod  was  so  divided  that  one  division  on  it  equaled  one  division 
of  the  scale  used  in  plotting. 

The  field  sheets  were  plotted  on  the  scale  of  1  :  22,500,  with  the 
exception  of  the  surveys  of  the  Tallulah  and  Tugaloo  rivers,  which 
were  on  the  scale  of  1  :  45,000.  Several  different  runs  of  river  were 
plotted  on  the  same  plane-table  sheet,  the  ends  of  the  different  sec- 
tions being  so  marked  that  there  would  be  no  diflSculty  in  joining  them 
and  making  one  continuous  map. 

On  these  sheets  were  shown  the  outlines  of  the  river  banks,  the 
islands,  the  positions  of  rapids,  shoals,  falls,  and  existing  dams,  the 
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crossings  of  all  ferries  and  roads,  and  as  much  of  the  culture  of  the 
river  bottom  as  could  be  obtained  without  leaving  the  immediate 
neighborhood  of  the  river.  The  river  banks  were  contoured  carefully 
and  the  adjacent  river  bottoms  sketched,  all  with  an  interval  of  10 
feet.  On  these  field  sheets  are  marked  in  their  proper  positions  the 
elevations  of  the  various  bench  marks  left,  as  are  also  the  elevations 
of  the  water  surfaces  wherever  obtained. 

For  each  river  surveyed,  first  are  given  a  brief  description,  a  list  of 
the  elevations,  and  a  condensed  profile  of  the  portion  of  the  river 
surveyed. 

The  elevations  as  given  in  the  original  notebooks  have  been 
adjusted  in  accordance  with  the  various  primary  heights  tied  to, 
and  the  figures  herein  given  are  the  ones  obtained  from  this  adjust- 
ment. 

On  file  in  the  Washington  oflSce  are  the  original  topographic  sheets 
and  profiles  on  the  scale  of  1  inch  to  a  mile  horizontal  and  1  inch  to 
100  feet  vertical. 

ACKNOVS^LBDGMENTS. 

In  the  collection  of  these  data  and  their  preparation  for  publication 
special  acknowledgment  is  due  to  the  levelmen  and  others  who  carried 
on  the  surveys.  Acknowledgment  is  due,  also,  to  Messrs.  B.  M.  Hall 
and  M.  R.  Hall  for  suggestions,  and  to  Messrs.  C.  B.  Kendall  and 
D.  H.  Baldwin,  who  adjusted  the  various  lines  of  levels,  under  the 
supervision  of  Mr.  S.  S.  Gannett,  geographer. 

BUFFALO  RIVER  FROM  FLATWOODS  TO  LOBELVILLE,  TENN. 

A  line  of  flying  levels  was  run  on  Buffalo  River,  Tennessee,  from  the 
mouth  of  Little  Opossum  Creek,  near  Flatwoods,  to  Standing  Rock 
Ford,  about  3  miles  north  of  Lobelville — a  distance  of  47  miles.  The 
plane-table  survey  was  on  the  scale  of  1 :  22,500.  During  the  course 
of  the  work  28  bench  marks  on  tree  roots  were  marked  and  39  water- 
surface  elevations  were  recorded. 

The  total  fall  of  that  stretch  of  the  river  is  109  feet,  and  is  so  evenly 
distributed  that  there  seems  to  be  no  powder  site  of  any  value.  There 
are  now^  two  crude  dams,  one  near  Linden  and  the  other  near 
Lobelville,  supplying  power  for  small  gristmills,  but  at  neither  place 
do  the  conditions  warrant  the  construction  of  more  substantial  dams. 

The  soil  near  the  river  is  fertile  and  well  adapted  to  the  cultivation 
of  corn,  hay,  and  peanuts. 

The  elevations  in  the  following  list  are  based  upon  an  assumed 
elevation  of  537.25  feet  for  the  water  surface  at  the  mouth  of  Little 
Opossum  Creek  as  interpolated  from  contours  sketched  on  the  Man- 
nie  sheet.  The  assumed  elevation  is  probably  within  20  feet  of 
correct  datum. 
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The  leveling  was  done  October  4  to  31,  1903,  under  the  direction  of 
Oscar  Jones,  topographer,  by  Ralph  Hutchins,  levelman. 

-,1,500 


1,000 1 


50  Miles  45 


40  35  30  25  20  15  10  5 

FiQ.  1.— Profile  of  Buffalo  River  from  Flatwoods  to  Lobelville,  Tenn. 


Elexxitions  on  Buffalo  River,  Tennessee,  from  Little  Opossum  Creek  to  Standing  Rock  Ford- 


Distance 
in  miles. 


ao 


Elevation 
in  feet. 


.0 
3 

.6. 
1.0 
1.2 
2.1 
2.2 
4.1 
4.1  I 
6.3 

6.2 

8.9 

8.9 
10.6 
10.8 
11.9 


Little  Opossum  Creek,  mouth  of;  east  side  of  river  at  ford,  haokberry 

tree,  nail  in  root  of 537. 25 

533 

532.  26 

531.59 

532.32 

528 


■| 


Surface  of  water 

East  side  of  river  at  ford,  nail  in  root  of  elm  tree 

Ford,  east  side  of,  dead  sycamore  tree,  nail  in  root  of 

Ford,  125  feet  north  of;  east  side  of  river,  nail  in  root  of  sycamore  tree. 

Surface  of  water 

Ford,  south  side  of  river,  nail  in  root  of  sycamore  tree i     529. 06 

600  feet  north  of  ford,  surface  of  water |     525 

Sinking  Creek,  east  side  of  river,  maple  tree,  nail  in  root  of 524.  90 

Sinking  Creek,  mouth  of,  surface  of  water j     520 

Ford,  275  feet  north  of,  north  bank  of  river,  east  side  of  highway,  at  | 

angle,  nail  in  root  of  sycamore  tree I     521 .  16 

Ford,  650  feet  west  of;  surface  of  water 512 

50  feet  from  river,  south  side  of;  sycamore  tree,  nail  in  root  of I  510. 01 

Surface  of  water |  503 

Ford,  east  bank  of  river,  sycamore  tree,  nail  in  root  of 500.  70 

Hurricane  Creek,  mouth  of;  surface  of  water 498 

Hurricane  Creek,  1.1  miles  from;  50  feet  east  of  ford,  nail  in  root  of  I 

beech  tree '     504.17 
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Elevations  on  Buffalo  River,  Tennessee,  from  LUUe  Opossum  Creek  to  Standing  Rock 

Ford — Continued. 


DisUtnce 
in  miles. 

Elevation 
inleet. 

11.9 

Surfar<»  of  water 

494 

13.2 

At  ford,  east  hank  of  river,  nail  in  root  of  willow  tree  .             

489.53 

13.2 

Surface  of  water 

487 

15.2 

At  ford,  south  hank  of  river,  nail  in  root  of  maple  tree      

484.23 

15.2 

Ford,  800  feet  west  of;  surface  of  water 

482 

15.5 

Ford,  .south  hank  of  river,  nail  in  root  of  sycaniore  tree 

485. 15 

16.6 
16.8 
17.3 
17.3 

Ford,  east  bank  of  river,  nail  in  root  of  sycamore  tree ! 

County  bridge,  west  abutment,  holt  in  base  of  girder 

Ford,  east  hank  of,  nail  in  root  of  sycamore  tree 

Surface  of  water 

482.29 
499.45 
483.03 

477 

19.9 
19.9 

Coon  Creek  Ford,  east  hank  of  river,  nail  in  base  of  willow  tree 

Ford,  350  feet  north  of,  surface  of  water 

476.42 
471 

21.3 
21.3 

Ford,  106  feet  west  of;  west  bank  of  river,  nail  in  base  of  willow  tree. 
Ford,  surface  of  water 

470.04 
467 

22  3 

Ford ,  east  hank  of  river,  screw  in  base  of  sycamore  tree 

469.-70 

22.3 

Ford,  surface  of  water 

465 

22.6 
22.6 

Bru.sh  creek,  east  hank  of  river,  nail  in  root  of  .sycamore  tree 

Surface  of  water 

467.29 
4a5 

23.7 

Above  dam ,  surface  of  water 

464 

23.7 

Below  dam,  surface  of  water 

459 

24.2 

Ford,  west  hank  of  river,  top  of  large  rock 

459.32 

24.2 

Ford,  600  feet  h;  low,  surface  of  water 

457 

26.1 

Ford,  west  hank  of  rivei ,  top  of  large  lock 

454.16 

26.  I 

Surface  of  wator t 

452 

26.6 
26.6 

Beardstown,  east  hank  of  river,  at  ford,  nail  in  loot  of  sycamore  tree. 
650  feet  below  ford,  surface  of  water 

454. 24 
451 

28.1 

Ford,  wf st  hank  of  river,  nail  in  loot  of  sycamore  tree 

452.90 

29.7 

Ford,  ra.st  hank  of  river,  nail  in  root  of  hackherry  tree 

449. 51 

30.3 
30.3 

Ford,  south  hank  of  river,  road,  south  side,  nail  in  root  of  sycamore  tree. 
Ford,  650  feet  below,  surface  of  water 

445.47 
441 

31.9 

Above  dam ,  surface  of  water 

441 

31.9 

Below  dam ,  surface  of  water 

435 

31.9 
34.3 

Ford,  south  hank  of  river,  road,  west  side,  nail  in  root  of  sycamore  tree. 
Ford,  east  hank  of  river,  nail  in  base  of  sycamore  sapling 

438.32 
434.02 

34. 3 

Surface  of  water 

431 

35.  4 

Dodson  Ford,  east  hank,  top  of  rock 

430.51 

30  4 

Hester  Ford,  surface  of  water 

426.59 

40.9 
41.2 

Ix)gan  Ford,  south  hank,  west  side  of  road,  nail  in  base  of  willow  tree. 
Standing  Rock  Ford,  south  bank,  nail  in  root  of  maple  tree 

419.08 
420.61 
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CATAWBA    RIVER    FROM    MARION,  N.  C,  TO  CONNELLY   SPRINGS, 

N.  C. 

Catawba  River  was  surveyed  from  the  Halltown  road  crossing,  near 
Marion,  N.  C,  down  the  river  to  the  mouth  of  Johnsons  Mill  Creek, 
near  Connelly  Springs,  N.  C. — a  distance  of  45  miies.  A  line  of  flying 
levels  was  run  in  connection  with  the  plane-table  stadia  traverse,  which 
was  on  the  scale  of  1 :  22,500,  based  on  a  permanent  bench  mark  of  the 
United  States  Geological  Survey  at  Marion,  N.  C.  This  flying  line  is 
connected  with  a  precise  line  along  the  Southern  Railway,  run  by  the 
Geological  Survey  in  1896,  at  Bridgewater,  Glen  Alpine,  Morganton, 
and  Connelly  Springs,  at  each  of  which  points  there  is  a  permanent 
bench  mark.  There  were  only  three  temporary  bench  marks  set 
along  the  river,  but  there  were  160  water-surface  elevations  recorded, 
all  of  which  were  adjusted  to  the  mean  reading  on  the  gage  estab- 
lished at  the  upper  bridge  near  Morganton.  The  work  was  done  in 
July,  August,  and  September,- 1903;  by  R.  C.  Howard  and  S.  A.  Oben- 
shain,  under  the  direction  of  W.  C.  Hall,  topographer. 

In  the  stretch  of  river  surveyed  there  is  a  total  fall  of  243  feet.  At 
present  there  is  only  one  crude  dam — at  John  River  Road  Ford, 
where  there  is  a  fall  of  4  feet,  supplying  power  to  operate  Hunter's 
gristmill.  There  is  a  dam  site  near  Connelly  Ford.  The  combined 
fall  of  two  shoals  about  half  a  mile  apart  is  12.3  feet  and  a  long,  rocky 
island  in  the  lower  part  of  the  shoal  would  somewhat  facilitate  the 
construction  of  a  dam.  At  this  point  the  river  is  about  200  feet  wide, 
with  rocky  cliffs  on  both  banks.  The  river  bottom  is  very  fertile, 
the  principal  crops  being  corn  and  hay. 

Elevations  on  Catawba  River  between  HaUtown  Road  and  Connelly  Springs,  N.  C. 


Distance 
in  miles. 


0.0 

.1 

.2 

.2 

.5 

.7 

1.1 

1.1 

1.3 

1.3 

1.7 

1.8 

2.1 

2.3 


Halltown  Road  Ford,  head  of  island,  head  of  shoals,  surface  of  water. 

Foot  of  sho&Is,  surface  of  water 

Head  of  shoals,  surface  of  wat^r 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water : 

Foot  of  shoals,  surface  of  water 

Mouth  of  North  Fork,  0.5  mile  ahove,  head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals^  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

a  Adjusted  to  bench  mark  at  Marion;  McDowell  County  court-house;  west  face,  at  south  end  of 
portico,  bronze  tablet  marked  "  1438";  elevation,  1,436.857  feet. 


Elevation 
In  feet 

a\ 

189 

187 

187 

184 

184 

179 

179 

177 

177 

175 

174 

172 

170 

167 
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EUvaHons  on  Caiaxoba  River  between  HaUiovm  Road  and  Connelly  Springs^  N.  C. — Cont'd. 


Distance  | 
in  miles. 


Elevation 
in  feet. 


2.4 

3.2 

3.4 

3.4 

4 

4.2 

4.4 

4.4 

4.7 

4.7 

4.8 

4.8 

5.1 

5.1 

5.3 

5.3 

5.4 

5.4 

5.7 

5.8 

6 

6 

6.1 

6.1 

6.6 

6.7 

6.9 

7 

7.3 

7.3 

7.5 

7.5 

7.8 

7.8 

8.2 

8.5 

8.5 

8.7 

9.2 

9.2 

9.8 

9.8  . 


Head  of  shoab,  surface  of  water 

Foot  of  shoab,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

North  bank  of  island,  foot  of  shoals,  surface  of  water 

Head  of  island,  head  of  shoals,  surface  of  water 

Foot  of  island,  foot  of  shoab,  surface  of  water 

Head  of  shoab,  surface  of  water 

Foot  of  shoab,  surface  of  water , 

Head  of  shoab,  surface  of  water 

Foot  of  shoab,  surface  of  water 

Head  of  shoab,  surface  of  water 

Foot  of  shoab,  surface  of  water 

Head  of  shoab,  surface  of  water 

Foot  of  shoab,  surface  of  water ' 

Head  of  shoab,  surface  of  water 

Foot  of  shoab,  surface  of  water 

Connelly  Ford,  head  of  shoals,  surface  of  wat«r 

Foot  of  shoab,  surface  of  water 

Head  of  shoab,  surface  of  water 

Foot  of  shoab,  surface?  of  water 

Head  of  shoals,  surface  of  wat«r 

Small  island  in  shoab,  foot  of  shoals,  surface  of  water 

Between  lai^  blands,  head  of  shoab,  surface  of  water 

Foot  of  blands,  foot  of  shoab,  surface  of  water 

At  head  of  broad  flood  channel,  head  of  shoab,  surface  of  water 

Foot  of  shoals,  surface  of  water 

At  foot  of  broad  channel,  head  of  shoab,  surface  of  water 

Foot  of  shoab,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoab,  surface  of  water 

Foot  of  shoab,  surface  of  water 

Head  of  shoab,  surface  of  water 

Foot  of  shoab,  surface  of  water 

Head  of  shoals,  surface  of  wat^r 

Foot  of  shoab,  surface  of  water 

John  River  Road,  head  of  shoab,  surface  of  water 

Foot  of  shoab,  surface  of  water 

Just  below  ford,  head  of  shoab,  surface  of  water 

Foot  of  shoals,  surface  of  water 


166 

157 

156 

IM 

153 

146 

146 

141 

140 

137 

137 

134 

134 

133 

133 

131 

131 

130 

130 

127 

126 

126 

125 

124 

124 

122 

122 

119 

119 

116 

116 

115 

115 

114 

113 

108 

108 

105 

103 

102 

101 

,099 
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Elevations  an  Caiawba  River  between  liaUtown  Road  and  Connelly  Springs,  N.  C. — Cont'd. 


Distance 
in  miles. 


Elevation 
in  feet. 


10 

10.2 

10.8 

10.9 

11.1 

11.1 

11.6 

11.6 

12 

12 

12.4 

12.4 

13 

13.1 

13.3 

13.3 

13.5 

13.7 

13.9 

13.9 

14.4 

14.4 

14.5 

14.5 

14.6 

15 

15 

15.1 

15.2 

15.2 

15.4 

15.5 

15.8 

15.9 

16.4 

16.'8 


I 


1,099 
1,094 
1,094 
1,092 
1,092 
1,089 
1,089 
1,084 
1,083 
1,079 
1,079 
1,079 
1,078 
1,075 
1,075 


Head  of  island,  head  of  shoals,  surface  of  water.' 

Foot  of  shoals,  surface  of  water 

Head  of  shoals  at  head  of  island,  surface  of  water 

Foot  of  island,  foot  of  shoals,  surface  of  water % . . . 

Head  of  shoals,  surface  of  water • . 

Foot  of  shoals,  surface  of  water 

Just  above  dam,  surface  of  water 

Below  ford,  foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  wa<  er 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

F\X)t  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water I  1 ,  074 

Below  head  of  island,  head  of  shoals,  surface  of  water i  1, 074 

Foot  of  two  islands,  foot  of  shoals,  surface  of  water 1, 070 

Head  of  shoals,  surface  of  water :  1, 070 

Foot  of  shoals,  surface  of  water |  1, 070 

Head  of  shoals,  surface  of  water '  1, 069 

Foot  of  shoals,  surface  of  water 1, 069 

Bridgewater,  in  front  of  station,  top  of  north  rail «1, 095. 7 

Head  of  shoals,  surface  of  water ,  1, 068 

Foot  of  shoals,  surface  of  water 1, 068 

Head  of  shoals,  surface  of  water 1, 067 

Foot  of  shoals,  surface  of  water 1, 066 

Just  above  head  of  shoals,  surface  of  water 1, 066 

Head  of  shoals,  surface  of  water 1, 065 

Foot  of  shoals,  surface  of  water ,  1, 062 

Head  of  shoals,  surface  of  water I  1, 062 

Foot  of  shoals,  surface  of  water 1, 062 

Head  of  shoals,  surface  oi  water 1, 061 

Foot  of  shoals,  surface  of  water 1, 061 

Head  of  shoals,  surface  of  water i  1, 058 

Foot  of  slioals,  surface  of  water I  1, 056 


17  !  Head  of  shoals,  surface  of  water |       1, 054 

17. 2  1  Foot  of  shoals,  surface  of  water ,       1, 054 

18  I  Just  above  head  of  upper  island,  head  of  shoals,  surface  of  water 1 ,  051 

18. 1  '  Between  island  and  south  bank  of  river,  foot  of  shoals,  surface  of 

I      water 1,049 

a  Bridfrewat«r,  0.4  raile  east  of;  bridge  seat  at  west  end  of  Muddy  Creek  Bridge,  2.75  feet  south  of  south 
rail,  copper  bolt  marked  '  U.  S.  G.  S.,  1091;"  elevation,  1,089.549  feet. 
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Elevatwns  on  Caiawba  River  between  HaUUwn  Road  and  Connelly  Springs,  N.  C. — Cont'd. 


Distance 
in  miles. 


18.2 


18.4 
18.7 
18.7 
18.9 
19.1 
19.6 

19.8 

19.8 

20.1 

20.3 

20.4 

20.9 

20.9 

21.3 

21.3 

21.5 

21.7 

22 

22.4 

22.5 

23.4 

23.7 

23.7 

24 

24.3 

25 

25 

25.4 

25.4 

26.6 


Elevation 
in  feet. 


Mouth  of  Linville  River,  below  ford,  at  head  of  island  and  south 
bank,  head  of  shoals,  surface  of  water 

Between  island  and  south  bank,  foot  of  shoals,  surface  of  water 

Head  of  small  island,  head  of  shoals,,  surface  of  water 

Center  of  island,  foot  of  shoals,  surface  of  water 

Head  of  two  small  islands,  head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water •. 


Long  narrow  island  along  north  bank,  head  of  short  shoal,  surface 
of  water 


1,048 
1,046 
1,045 
1,045 
1,045 
1,040 

1,039 
1,038 
1,037 
1,036 
1,035 
1,033 
1,032 
1,031 
1,031 
1,030 
1,030 
1,030 
1,026 
1,026 
1,025 
1,024 
1,023 
1,022 
1,022 
1,016 
«  1,015 
1,013 
1,013 
1,012 

1,009 
1,007 
1,006 
1,004 
1,003 
1,001 
1,001 
a  Circuit  from  White  Ford  to  Avery  Ford  is  adjusted  to  Glen  Alpine,  73.2  feet  north  of  north  rail  of 

main  track,  southeast  comer  of  brick  l}asement  of  Hennessee  &  Co.'s  store,  bronze  tablet  marked 

*  1215; "  elevation,  1,213.944  feet. 


Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Above  ford,  head  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Head  of  large  island,  head  of  shoals,  surface  of  water 

250  feet  below  foot  of  large  island,  foot  of  shcals,  surface  of  water. 

Ford,  head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Avery  Ford,  50  feet  above,  head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 


Between  long  island  and  north  bank  of  river,  head  of  shoals,  surface 
of  water 


26.6 

27.2 

28.1 

28.2 

29.1 

Foot  of  shoals,  surface  of  water 

Surface  of  water 

Head  of  shoals,  surface  of  water 

Head  of  long  narrow  island,  foot  of  shoals,  surface  of  water. 

Greenlea  Ford,  head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 
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EUvations  on  Catawba  River  between  HaUiown  Road  and  Connelly  Springs,  N.  C. — Cont'd. 


Distance 
in  miles. 


Between  island  and  mouth,  head  of  shoals,  surface  of  water 

Foot  of  island,  foot  of  shoals 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Upper  Morgan  ton  Bridge,  head  of  shoals  under,  surface  of  water 

Fleming  Ford,  head  of  islands  at,  head  of  shoals,  surface  of  water. , 

Foot  of  shoals,  surface  of  water 

Lower  Morganton  Bridge,  under,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 


29.4 

29.6 

29.9 

29.9 

30.2 

31.7 

32 

33 

33.5 

34.2 

34.4 

34. 8  I  Below  island  at  mouth  of  creek  on  south  bank,  foot  of  shoals,  surface 
of  water 

a5.5 

37.1 

37.9 

38.5 


Mouth  of  John  River,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Huffman  Ferry,  north  bank,  west  side  of  road,  nail  in  post 

Huffman  Ferry,  at  east  comer  of  Huffman's  house,  nail  in  root  of  , 
tree  at 1 ,  01 1 .  75 


Elevation 
in  feet. 


1,000 

998 

998 

997 
«996 

992 

988 

986 

986 

977 

976 

'  974 
972 
969 
963 
974.2 


38.5 
38.7 
40.7 
40.7 
41.2 
41.2 

41.4 
41.4 
41.6 


Surface  of  water 

Head  of  shoals,  surface  of  water 

At  mouth  of  creek  on  south,  head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  large  island,  head  of  shoals,  surface  of  water 

Between  island  and  north  bank  of  river,  foot  of  shoals,  surface  of 
water 

Foot  of  island,  head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 


961 
959 
957 
956 
955 

955 
955 
955 


Lovelady  Ford,  at  head  of  small  island  between  large  island  and 
south  bank,  head  of  shoals,  surface  of  water , 


41.8 
41.9 
43.6 
43.6 
43.8 
43.8 


Lovelady  Ford,  north  bank  of  river,  surface  of  water 

Foot  of  large  island  at  foot  of  shoals,  surface  of  water 

County  Ferry,  200  feet  south  of;  west  side  of  road,  nail  in  box  alder 

Surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

44. 5  I  Head  of  shoals,  surface  of  water 947 

44.  5  '  Foot  of  shoals,  surface  of  water i      ^  946 


954 

953 

951 

968.8 

948 

947 

947 


a  Upper  Morganton  Bridge  line  adjusted  to  Morganton,  Burke  County  court-house,  extreme  north- 
west comer  of  north  portico,  bronze  tablet  marked  "  1182; "  elevation,  1,180.774  feet. 

fr  Connelly  Springs,  142.4  feet  north  of  north  rail  of  main  track,  James  Hudson's  brick  store,  south 
front,  near  east  comer,  bronze  tablet  marked  "  1193; "  elevation,  1,191.762  feet. 

Johnson  Mill  Creek  flows  into  Catawba  1.6  miles  below  County  Ferry,  south  side  of  river. 

Note.— Water-surface  elevations  adjusted  to  mean  gage  reading  1.8  feet  at  Upper  Morganton  Bridge 
Elevation  of  1.8-footmark,  996.3  feet. 
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TALLULAH  RIVBR  BELOW  BLALOCK,  GA. 

Tallulah  River  rises  in  Habersham  and  Rabun  counties,  Ga.,  flows 
in  a  southeasterly  direction,  and  joins  Chattooga  River  a  little  below 
Tallulah  Falls,  thus  forming  Tugaloo  River.  During  August,  1903, 
this  river  was  surveyed  between  Tallulah  Falls,  Ga.,  and  the  mouth 
of  Persimmon  Creek,  near  Blalock,  Ga.  The  distance  between  these 
points  is  about  33  miles,  and  there  is  a  fall  of  451  feet.  The  survey 
consisted  of  a  Une  of  primary  levels  based  upon  the  United  States 
Geological  Survey  bench  mark  at  Tallulah  Falls,  and  a  plane-table 
survey  of  the  course  of  the  river.  The  field  sheets  were  plotted  on  a 
scale  of  1 :  22,500,  30  bench  marks  were  established,  and  69  water- 
surface  elevations  obtained. 

Tallulah  River  is  a  typical  mountain  stream  and  is  subject  to 
sudden  freshets.  As  the  Chattooga  is  of  the  same  character  the 
Tugaloo  is  a  dangerous  stream,  a  rise  of  1.6  feet  per  hour  for 
three  consecutive  hours  being  recorded  on  March  23,  1903,  at  the 
Southern  Railway  bridge  near  Toccoa,  Ga.  On  this  occasion  the 
river  rose  15.2  feet  in  eighteen  hours. 

Tallulah  River  crosses  the  fall  line  at  Tallulah  Falls,  Ga.  In 
this  vicinity  is  some  of  the  most  picturesque  and  rugged  scenery 
in  the  Southern  States.  In  3  miles  the  river  drops  from  1,415  to 
755  feet  above  sea  level,  or  a  distance  of  660  feet.  The  principal 
falls,  in  the  order  in  which  they  occur,  are  L'eau  D'or,  28  feet;  Tem- 
pesta,  76  feet;  Hurricane,  89  feet;  Oceana,  41  feet;  Bridal  Veil,  17 
feet — all  in  a  distance  less  than  three-fourths  of  a  mile.  On  either 
bank  are  precipitous  cliffs,  rising  in  some  places  500  feet  sheer.  The 
gorge  continues  to  the  Tugaloo,  with  the  exception  of  one  place  about 
one-half  mile  long,  where  it  opens  up  and  forms  what  is  known  as  the 
Old  Valley  farm.  On  either  side  the  country  is  covered  witli  woods, 
but  not  a  great  deal  of  merchantable  timber  appears  to  be  available. 

In  2  miles,  above  Tallulah  Falls,  the  river  has  a  fall  of  110  feet. 
At  the  head  of  this  fall  the  bottom  widens  into  a  valley  which 
appears  to  be  an  excellent  basin  for  storing  water.  Three  and  one- 
fourth  miles  farther  upstream  at  an  unnamed  shoal  with  a  12-foot 
fall,  there  is  a  fair  site  for  a  dam.  The  bottom  is  rocky,  and  there 
are  steep  hills  on  either  side. 

Five  miles  farther  upstream  is  a  shoal  with  a  25-foot  fall,  steep 
hills  on  either  side,  and  hard  rock  bottom.  Just  above  Denton  Ford 
is  a  23-foot  shoal  about  three-fourths  of  a  mile  long  where  there  is 
a  splendid  site  for  a  dam. 

The  fall  in  the  lower  Tallulah  below  the  falls  is  about  250  feet. 
A  large  portion  of  this  fall  can  be  used  for  power  without  interfering 
with  the  resort  at  Tallulah  Falls.  By  installing  an  electrical  plant 
at  the  upper  end  of  Old  Valley  farm  a  good  power  could  be  obtained. 
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The  elevations  in  the  following  list  are  based  upon  the  elevation 
of  a  bronze  tablet  in  rock  70  feet  east  of  the  public  road  and  20 
feet  south  of  Tallulah  Falls,  station  marked  ''  1569  Atlanta.'*  This 
elevation  is  accepted  as  1,568.302  feet  above  mean  sea  level  in  accord 
with  the  1903  adjustment  of  the  precise-level  net.  The  line  is  cor- 
rected to  accord  with  primary  work  at  mouth  of  river  and  at  Burton. 

The  leveling  was  done  in  1903,  under  the  direction  of  Carroll  Cald- 
well, field  assistant,  by  T.  B.  O'Hagan,  levelman. 
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FiQ.  2.— Profile  of  Tallulah  River  below  Blalock,  Oa. 


500 


Elevations  on  TaUulah  River  ]rom  mouth,  near  TaUtdah  Falls,  to  near  Blalock,  Oa, 


Distance. 


Elevation 
in  feet 


0.0 
.0 
.0 

.2 

.3 

.4 

.6 

.9 

1.3 

1.6 

1.7 

1.8 

2 

2.1 
2.2 
2.2 
2.25 


Junction  of  Chattooga  and  TaDulah  rivers,  surface  of  water 

100  feet  north  of  junction  rivers,  edge  of  river,  point  on  rock 

200  feet  north  of  junction  rivers,  west  side  of  Tugaloo  River,  gum 
tree,  nail  in  root  of 

Chattooga  River,  500  feet  north  of,  west  side  of  Tallulah  River,  nail 
in  root  of  oak  stump 

Surface  of  water 


Mouth  of  small  stream,  surface  of  water. 

150  feet  west  of  river 

Surface  of  water 

Surface  of  water 

Surface  of  water 

Surface  of  water 

Surface  of  water 

Foot  of  rapids,  surface  of  water 

Middle  of  rapids,  surface  of  water 

Head  of  rapids,  surface  of  water 

Foot  of  rapids,  surface  of  water 

Surface  of  water 


754 
761.29 

762.65 

769.46 

767 

782 

799.86 

818 

848 

878 

893 

911 

935 

944 

947 

954 

964 
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Elevations  on  TaUvlah  River  from  mouth,  near  TaUxdah  Falls,  to  near  Blalock,  Qa. — Cont'd. 


Difltanoe 
in  miles. 


2.3 

2.35 

2.38 

2.4 

2.6 

2.6 

2.6 

2.65 

2.8 

2.85 

3.1 

3.1 

3.1 
3.2 
3.2 
3.3 
3.4 
3.6 


3.6 
3.6 


4.9 

4.9 

5.1 

5.5 

5.6 

5.6 

6 

6.5 

6.6 

7.3 

7.3 

8.4 


Foot  of  small  falls,  surface  of  water 

Foot  of  rapids,  surface  of  water 

300  feet  below  bend,  head  of  rapids,  surface  of  water 

Surface  of  water 

Surface  of  water 

Bridal  "Veil  Falls,  foot  of,  surface  of  water 

Head  of  falls,  surface  of  water 

Surface  of  water 

Oceana  Falls,  foot  of,  surface  of  water 

Head  of  falls,  surface  of  water 

Hurricane  Falls,  foot  of,  surface  of  water 

Head  of  Hurricane  Falls,  surface  of  water 

Tempesta  Falls,  foot  of,  surface  of  water 

Tempesta  Falls,  head  of,  surface  of  water 

L'eau  d'or  Falls,  foot  of,  surface  of  water 

L'eau  d'or  Falls,  head  of,  surface  of  water. 

Surface  of  water 

Surface  of  water 

Clayton  Road  iron  highway  bridge,  surface  of  water 

Tallulah  Falls  station,  70  feet  east  of  public  road,  20  feet  south  of 
station,  in  rock,  bronze  tablet  markea  "  1569  Atlanta" , 

Tallulah  Falls,  0.5  mile  northeast  of;  at  forks  of  road,  50  feet  south 
of  bridge  over  river 

Clayton  Road  iron  highway  bridge,  0.5  mile  north  of  Tallulah  Falls, 
floor  of 

Surface  of  water 

Opposite  stone  pier  railroad  bridge,  surface  of  water 

Surface  of  water 

On  rock,  surface  of  water 

Foot  of  falls,  surface  of  water 

Top  of  falls,'  surface  of  water 

Surface  of  water 

Head  of  island,  surface  of  water 

20  feet  west  of  Tallulah  Falls  Railroad,  point  on  top  of  rock 

Surface  of  water 

Surface  of  water 

Surface  of  water 

Surface  of  water 

150  feet  east  of  river,  in  cornfield,  dead  apple  tree,  nail  in  root  of.  /. . 

Surface  of  water 

Surface  of  water 1 


Elevation 
in  feet. 


981 

987 

980 

997 
1,008 
1,022 
1,039 
1,057 
1,074 
1,115 
1,140 
1,229 
1,246 
1,322 
1,322 
1,350 
1,379 
1,396 
1,414 

1,568.302 

1,457.92 

1,441.87 

1,419 

1,439 

1,449 

1,459 

1,486 

1,492 

1,509 

1,530 

1,538.21 

1,529 

1,538 

1,553 

1,559 

1,579.23 

1,569 

1,573 
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Elevations  on  TaUtdah  River  from  mouthy  near  TaUtdah  FaUs,  to  near  Blalockj  Qa. — ContM. 


Distance 
in  miles,  j 


8.6 
8.7 
8.7 
9.6 

9.6 
9.9 
10 
10.2 
10.4 
10.5 
10.6 
10.9 
11.8 
11.8 
12.1 
13.3 
13.3 
13.8 
13.8 
14.4 
14.5 
14.6 

15.6 
15.6 
16.2 
16.5 
16.6 
17.7 
18.4 
18.6 
18.6 
19.2 
20.6 
20.9 
21.4 
21.5 
21.5 
21.8 
21.9 


Surface  of  water 

65  feet  north  of  river,  in  cornfield,  walnut  tree,  nail  in  root  of. 
Surface  of  water 


Tiger  Creek,  on  point  of. land  between  river  and  creek,  burnt  poplar 
tree,  nail  in  side  of 


Surface  of  water 

Surface  of  water 

5  feet  west  of  river,  in  footpath,  point  on  sharp  rock 

Surface  of  water 

Surface  of  water 

10  feet  west  of  river,  nail  in  root  of  beech  tree 

Surface  of  water 

Surface  of  water 

Crane  Ford,  150  feet  west  of,  apple  tree,  nail  in  root  of 

Surface  of  water 

Surface  of  water 

Dockens  Ford,  12  feet  west  of  river,  nail  inside  of  dead  tree 

Surface  of  water 

EUord  Ford,  150  feet  east  of,  at  bend  of,  poplar  tree,  nail  in  side  of . . , 

Surface  of  water 

Surface  of  water 

Surface  of  water 

Eden  Church,  150  feet  west  of,  150  feet  east  of  river,  nail  in  root  of 
laiige  red-oak  tree 

Taylor  Shoals,  10  feet  west  of  river,  middle  of,  point  on  lai^  flat  rock. 

Surface  of  water 

Surface  of  water 

Surface  of  water 

Surface  of  water 

James  Smith  boat  landing,  2  feet  west  of  river,  nail  in  stump 

Fall  Creek,  mouth  of,  surface  of  yrater 

Jones  Ford,6  feet  south  of  river,slanting  persimmon  tree,nail  in  side  of 

Surface  of  water 

Flat  Creek,  mouth  of,  surface  of  water 

Surface  of  water - . . 

Clilf  Creek,  mouth  of,  surface  of  water 

Surface  of  water 

Denton  Ford,  10  feet  west  of  river,  nail  in  root  of  pine  tree 

Surface  of  water 

Mouth  of  small  stream,  surface  of  water 

Seal  Creek,  mouth  of,  foot  of  double  shoals,  surface  of  water 


Elevation 
in  feet. 


1,578 

1,589.25 

1,578 

1,590.30 

1,584 

1,589 

1,505.50 

1,502 

1,596 

1,601.32 

1,600 

1,603 

1,620.33 

1,607 

1,610 

1,623.06 

1,615 

1,634.36 

1,621 

1,626 

1,628 

1,649.41 

1,644.90 

1,641 

1,648 

1,657 

1,657 

1,670.53 

1,669 

1,677.33 

1,674.6 

1,681 

1,687 

1,690 

1,697 

1,703.61 

1,701 

1,703 

1,704 
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Elevations  on  TaUulah  River  from  mouth,  near  TaUulah  FaUSf  to  war  Blaloek,  Ga. — Cont'd. 


Distance 
in  miles. 


22 

22.3 

22.6 

22.6 

22.7 

24 

24.5 

25 

25.1 

25.1 

25.6 

25.6 

25.9 

26.2 

26.3 

26.4 

27 

27.3 

27.3 

28.2 

28.2 

28.5 

28.5 

29.3 

29.5 

29.6 

30.1 

30.1 

30.1 

30.1 

30.2 

32.1 

32.1 

32.4 

32.7 

32.7 

33 

33.1 

33.2 


Elevation 
in  feet. 


Surface  of  water 

Middle  of  shoals,  surface  of  water 

Crow  Ford,  100  feet  south  of,  10  feet  south  of  river,  twin  hemlock 
tree,  nail  in  root  of 

Surface  of  water 

Scarecrow  Creek,  mouth  of,  surface  of  water 

George  Creek,  mouth  of,  surface  of  water 

Bridge  Creek,  mouth  of,  surface  of  water 

In  shoals,  surface  of  water 

Ford,  surface  of  water 

At  above  ford,  south  edge  of  river,  point  on  rock 

Rocky  Ford,  10  feet  south  of,  dead  hemlock  tree,  nail  in  root  of . . . 

Surface  of  water 

Surface  of  water 

Kenny  Creek,  mouth  of,  surface  of  water 

Fuller  Ford,  surface  of  water 

Fuller  Ford,  500  feet  northwest  of,  point  on  rock 

Surface  of  water 

Cannon  Ford,  75  feet  southwest  of,  nail  in  root  of  white  oak 

Surface  of  water 

Ford,  west  side  of,  nail  in  root  of  red  gum  tree 

Surface  of  water 

Wildcat  Creek,  50  feet  southwest  of,  west  .side  of  road,  point  on  rock. 

Surface  of  water 

Surface  of  water 

Surface  of  water 

Dicks  Creek,  surface  of  water 

Burton,  12  feet  southwest  of  bridge,  nail  in  root  of  maple  tree 

Floor  of  bridge 

Surface  of  water 

High-water  mark 

Burton,  1 ,000  feet  above  bridge,  15  feet  east  of  river,  10  feet  west  of 
road,  bronze  tablet  marked  " " 

12  feet  west  of  ford,  nail  in  side  of  ash  tree 

Surface  of  water 

»  Surface  of  water 

Murford,  100  feet  southwest  of,  nail  in  west  side  of  white-oak  tree 

Surface  of  water 

Rocky  Ford,  surface  of  water 

Shallow  Ford,  500  feet  southeast  of,  in  road,  point  on  rock , 

Surface  of  water , 


1,707 
1,714 

1,725.93 

1,724 

1,727 

1,737 

1,738 

1,747 

1,749 

1,750.29 

1,758.47 

1,756 

1,757 

1,760 

1,760 

1,762.62 

1,767 

1,781.97 

1,769 

1^777.87 

1.774 

1,783.19 

1,776 

1,785 

1,787 

1,789 

1,794.96 

1,806.4 

1,790 

1,804 

1,795.140 

1,819.04 

1,813 

1,819 

1,838,05 

1.824 

1,829 

1,841.48 

1,835. 
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Elevations  on  TaUuiah  River  from  mouthy  near  TaUulah  FaUa,  to  near  BMocky  Qa. — Cont'd. 


Distance 
in  miles. 


33.6 

33.6 

34.3 

35 

35.8 


Deep  Ford,  30  feet  south  of,  nail  in  side  of  sycamore  tree 

Surface  of  water 

Popcorn  Creek,  mouth  of,  surface  of  water 

Deep  Ford,  3  feet  east  of,  nail  in  side  of  beech  tree 

Persimmon  Creek,  75  feet  east  of  river,  30  feet  south  of  creek,  nail 
in  side  of  hickory  tree 


Elevation 
in  feet. 


1,842.39 
1,839 
1,849 
1,862.03 

1,881.67 


TUQALOO  RIVER  BELOW  TALLULAH  FALLS,  QA. 

Tugaloo  River,  which  flows  in  a  southeasterly  direction  between 
Georgia  and  South  Carolina,  is  a  continuation  of  Savannah  River, 
and  extends  from  the  mouth  of  Seneca  River  to  the  mouth  of  Chat- 
tooga River.  The  bed  of  the  stream  is  in  Georgia.  The  survey  of 
this  river  covered  a  distance  of  50J  miles.  It  connected  with  the 
survey  of  Savannah  River  at  Andersonville,  and  extended  past  the 
mouth  of  the  Chattooga  along  the  Tallulah  as  far  as  TaUulah  Falls. 
The  primary  levels  were  based  upon  the  United  States  Geological 
Survey  bench  mark  at  Parkesville,  Ga.  Nine  bench-mark  tablets 
and  64  temporary  bench  marks  were  established,  and  98  water-surface 
elevations  were  obtained.  The  plane-table  sheets  were  plotted  on 
a  scale  of  1 :  22,500  for  that  portion  of  the  survey  above  the  mouth 
of  the  Chattooga;  from  that  point  to  Owens  Shoals  the  scale  was 
1 :  45,000;  between  Owens  Shoals  and  Andersonville  it  was  1 :  22,500. 

From  the  head  of  the  Tugaloo  to  a  point  about  one  mile  above 
the  mouth  of  Panther  Creek  the  banks  are  very  steep,  but  are  not 
so  marked  as  along  the  Tallulah,  except  in  some  places  where  there 
is  a  cliff  on  one  side.  Below  the  point  above  mentioned  the  bottom 
is  from  one-fourth  to  three-fourths  nule  wide  in  most  places,  the 
soil  being  very  fertile  and  in  a  high  state  of  cultivation.  Cotton 
is  the  main  crop,  with  com  next,  wheat,  rye,  sugar  cane,  etc.,  com- 
bined making  but  a  small  percentage  of  the  yield.  The  timber  is 
very  scattered. 

The  elevations  in  the  following  list  are  based  on  an  aluminum 
tablet  marked  "  1050  M.  C.'^  at  Washington  street  entrance  to  the 
State  Capitol  at  Atlanta,  the  elevation  of  which  is  now  accepted 
as  1,049.546  feet  above  mean  sea  level.  The  initial  point  upon  which 
these  levels  depend  is  a  bronze  tablet  at  north  side  of  east  entrance 
at  court-house  at  Clarksville,  Ga.,  marked  '*  1373  Atlpnta,''  the  eleva- 
tion of  which  is  accepted  as  1,371.991  feet  above  mean  sea  level, 
in  accord  with  the  1903  adjustment  of  the  precise-level  net. 


Digitized  by  VjOOQIC 


24 


RTVEB   SURVEYS    AND   PROFILES   OF  1903. 
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The  leveling  was  done  in  1903  under  the  direction  of  Carroll  Cald- 
well, field  assistant,  by  T.  B.  O'Hagan,  levelman. 

All  permanent  bench  marks  are  marked  with  the  letters  "Atlanta'' 
in  addition  to  the  figures  of  elevation. 


750 


Miles  55 


50 


45        40        35        30         25         20         15         10 
Fxo.  3.— Profile  of  Tugaloo  River  below  Tallulah  Falls,  Oa. 


EUvatums  from  ClarksviUey  via  TumervilUf  to  TaUulah  FaUs,  Oa, 


Clarksville,  Habersham  County  court-house,  north  side  of  east  entrance,  bronze 
tablet  marked  "1373  Atlanta" 


Clarksville,  0.7  mile  southeast  of,  west  side  of  road,  nail  in  root  of  oak  tree 

Clarksville,  2  miles  east  of,  south  of  track,  nail  in  root  of  old  stump 

Clarksville,  1.6  miles  east  of  station,  dogwood  tree,  nail  in  root  of 


Elevation  in 
feet 


Clarksville,  2.5  miles  east  of,  at  railroad  crossing,  south  of  track,  oak  tree,  nail 
in  root  of 


ClarksviUe,  4.5  miles  east  of,  oak  stump,  nail  in  root  of 

Clarksville,  6  miles  east  of,  nail  in  root  of  oak  tree 

Clarksville,  7.5  miles  east  of,  nail  in  root  of  oak  tree 

TumerviUe  station,  30  feet  north  of,  nail  in  root  of  cottonwood  tree 

TumerviDe,  1.9  miles  northeast  of,  south  of  track,  nail  in  root  of  oak  tree 

Tumerville,^3.2  miles  northeast  of  station,  nail  in  stump  of  gum  tree 

TumerviUe,  4  miles  northeast  of,  at  road  crossing  east  of  track,  nail  in  root  of 
persimmon  tree 

TaUulah  Lodge,  40  feet  east  of  track,  naU  in  side  of  hickory  tree 


TaUulah  Falb  station,  20  feet  south  of,  70  feet  east  of  pubUc  road,  rock, 
bronze  tablet  marked  "  1 569  Atlanta  " 


TaUulah  Falls,  0.5  mile  north  of  east  of,  at  forks  of  road,  50  feet  south  of 
bridge  over  river 


1,371.991 
1,436.353 
1,444 
1,457.576 

1,419.40 
1,440.16 
1,513.52 
1,475.66 
1,542.98 
1,590.48 
1,588.65 

1,612.33 
1,605.84 

1,568.302 

1,457.92 
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Elevation  from  point  ^  miles  souih  of  TaUtdah  Falls  south  down  TugaJoo  and  Savannah  rivers 
to  mouth  of  Broad  Rivera  Lisbon^  Ga. 


Turnerville,  3.2  miles  east  of  station,  nail  in  stump  of  gum  tree 

TumerviUe,  4.3  miles  east  of,  nail  in  root  of  oak  tree 

Tumerville,  4.4  miles  east  of,  nail  in  root  of  pine  tree 

Tumerville,  5.1  miles  east  of,  south  of  road,  point  on  rock 


Elevation  in 
feet. 


1,588.65 

1,504.20 

1,386.10 

979.72 


Elevations  on  Tugaloo  River  below  TaUtdah  Falls. 


Distance 
in  miles. 


Elevation 
in  feet. 


0.0 

.0 

.0 

.0 

.7 

.8 
2 
2 

2.1 
2.4 
2.8 
2.8 
2.9 
3.1 
4.4 
4.4 

5.3 
5.4 

5.4  I 
5.4  ' 

6.3  j 

6.4  ' 

7.4  I 

7.5  I 

«   i 

8.9 


Junction  of  Tallulah  and  Chattoojfa  rivers,  200  feet  northwest  of, 
gum  tree,  west  side  of  Tallulah  Kiver,  nail  in  root  of  gum  tree 

Junction  of  rivers,  100  feet  northwest  of;  edge  of  river,  point  on  rock . 

Junction  of  Tallulah  and  Chattooga  rivers,  water  surface 

Tugaloo  River,  head  of,  pine  tree,  nail  in  root  of 

Island,  head  of,  surface  of  water 

Surface  of  water 

Surface  of  water 

West  side  of  river,  point  on  rock 

Surface  of  water 

Surface  of  water 

Hickory  tree,  nail  in  root  of 

Surface  of  water 

Surface  of  water 

Small  stream,  mouth  of,  surface  of  water 

Panther  Creek,  mouth  of,  surface  of  water 

Panther  Creek,  600  feet  south  of  mouth  and  50  feet  west  of  river, 
west  edge  of  public  road,  in  large  rock,  bronze  tablet  marked  "715 
Atlanta" 

Surface  of  water 

Deaton  Ford,  surface  of  water 

Small  bridge,  surface  of  water 

Walnut  tree,  nail  in  root  of 

Surface  of  water 

Small  creek,  South  Carolina  side,  mouth  of,  surface  of  water 

Walnut  tree,  100  feet  west  of  river,  nail  in  root  of 

Small  boat  landing,  surface  of  water 

Big  John  Creek,  mouth  of,  surface  of  water 


8.9 
9.9 


Prather's  bridge,  100  feet  northwest  of  river  and  old  bridge,  cotton- 
wood  tree,  nail  in  side  of 

Surface  of  water , 


James  Prather  homestead,  middle  step  front  entrance,  bronze  tablet 
marked  "728  Atlanta" 


762.65 

761.29 

754 

728.86 

723 

711 

698 

698.79 


690.51 
684 
681 
674 


713. 793 

667 

666 

664 

676.45 

659  , 

655 

664.87 

652 

650 

659.02 
648 

726.873 
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Elevations  on  Tugaloo  River  below  TaUvlah  FaUa — Continued. 


[NO.  U6. 


Distance 
in  miles. 


10.5 


11.5  I 

11.5 

13 

13 

13.8 

13.8 

13.9 

15.4 

15.4 

15.4 

15.4 

16.4 

16.5  ! 

16.5  I 

17.5 

18 

18 

19 

19.1 

20.1 

21.3 

21.7 


Stream,  mouth  of,  surface  of  water 

Surface  of  water 

Apple  tree,  600  feet  west  of  river,  nail  in  root  of 

Stream,  mouth  of,  surface  of  water 

Gum  tree,  10  feet  west  of  river,  nail  in  root  of 

Gum  tree,  west  edge  of  river,  nail  in  root  of 

Toccoa  Creek,  mouth  of,  surface  of  water 

Jarrett  Bridge,  surface  of  water  (during  flood  Mar.  21, 1903). 

Water  oak  tree,  4  feet  east  of  river,  nail  in  root  of 

Walnut  tree,  50  feet  west  of  railroad  bridge,  nail  in  root  of 


Elevation 
in  feet. 


Railroad  bridge  crossing  Tugaloo  River,  west  abutment,  bronze  i 
tablet  marked  "666  Atlanta" 

Stream,  mouth  of,  surface  of  water ; 

Stream,  mouth  of,  surface  of  water | 

Syc^unore  tree,  50  feet  south  of  river,  nail  in  root  of 

Stream,  mouth  of,  surface  of  water 

50  feet  east  of  river,  birch  tree,  nail  in  root  of , 

Surface  of  water ' 

200  feet  east  of  county  road,  100  feet  west  of  river,  walnut  tree,  nail 
in  root  of 


21.7 

22 

22 

22 

22 

22.3 

22.4 

22.6 

213.2 

24.5 

24.5 

25.1 

25.5 

25.7 

Saw  mill,  mouth  of  stream  opposite,  surface  of  water 

Walnut  tree,  nail  in  root  of 

Stream,  mouth  of,  surface  of  water 

Swamp  bush,  3  feet  northwest  of  river,  nail  in  top  of 

Rock  Creek,  10  feet  south  of,  walnut  tree,  nail  in  root  of. 
Surface  of  water 


Jenkins  Ferry,  400  feet  northwest  of,  200  feet  west  of  river,  walnut 
tree,  nail  in  root  of 

W.  J.  Perkins  homestead,  north  side  of  house,  in  chimney,  2  feet 
above  ground,  bronze  tablet  marked  "732  Atlanta" 

Surface  of  water 

High  water 

Stream,  mouth  of,  surface  of  water 

Walnut  tree,  nail  in  stump 

Walnut  tree,  40  feet  west  of  river,  nail  in  root  of 

Birch  tree,  on  edge  of  small  stream,  nail  in  roofr  of 

Surface  of  water 

Small  tree,  4  feet  west  of  river,  nail  in  root  of 

Surface  of  water 

Pine  tree,  50  feet  west  of  river,  nail  in  root  of 

Surface  of  water 

a  The  above  is  on  a  single  spur  line. 


646 

644 

657.40 

642 

658.51 

651.33 

641 

642.5 

642.50 

660.52 

665.467 

640 

639 

641.09 

637 

646.91 

636 

648.60 

632 

647.65 

630 

634.60 

640.35 

624 

638.10 

0  730.754 
624 
638 
622 
635.56 
634.32 
629.55 
618 
619.47 
616 
625.12 
614 
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Distance  > 
in  miles.  < 


26.1 
26.3 
27.6  ' 
27.6 
27.9 
28.1  I 
29.1  i 
29.3  , 

29.3 
29.3 

I 

30.1 
30.3 
30.3 
30.4 
30.4 
31.8 
32.3 
32.4 
33.1 
33.6 

33.6 

33.6 
34.3 
34.3 
35.3 
35.3 
35.4 
36.1 
36.5 
37.5 
37.8 

37.8 
38.4 
39.6 
39.6 
39.8 


I 


Old  stump,  41  feet  west  of  river,  nail  in 

Head  of  Shelor  Shoals,  surface  of  water 

Walnut  tree,  10  feet  north  of  river,  nail  in  root  of. 

Surface  of  water 

Surface  of  water 

Large  creek,  mouth  of,  surface  of  water 

Pine  tree,  5  feet  northeast  of  river,  nail  in  top  of. . 


Shelor  Ferry,  water  oak  tree,  10  feet  northeast  of  river,  nail  in 
root  of 


Elevation 
in  feet. 


Surface  of  water 

Shelor  Ferrv,  0.3  mile  southwest  of;  100  feet  northwest  of  I.  E. 
Martin's  no\ise,  10  feet  north  of  road,  in  large  rock,  bronze  tablet  < 
marked  "630  Atlanta" | 

Stream,  mouth  of,  surface  of  water | 

Sycamore  tree,  10  feet  north  of  river,  nail  in  root  of | 

Mouth  of  stream,  near  bend  in  river,  surface  of  water i 

Water  oak  stump,  10  feet  north  of  river,  nail  in  root  of ' 

Surface  of  water ; 

Gum  Log  Creek,  mouth  of,  surface  of  water i 

Near  Middle  Branch,  apple  tree,  nail  in  root  of 

Surface  of  water 

Surface  of  water | 

Knox  Bridge,  100  feet  west  of,  in  fork  of  road,  maple  tree,  nail  in 


root  of. 


Knox  Bridge,  200  feet  west  of  S.  A.  Glenn's  house,  in  chimney, 
bronze  tablet  marked '*613  Atlanta" 


Surface  of  water , 

Surface  of  water , 

25  feet  northwest  of  Shoal  Creek,  dead  stump,  nail  in  top  of. 

Shoal  Creek,  mouth  of,  surface  of  water 

Pine  stump,  200  feet  north  of  river,  nail  in  top  of 

Knox  Branch,  mouth  of,  surface  of  water 

Oak  tree,  900  feet  north  of  river,  nail  in  root  of 

Burton  Branch,  mouth  of,  surface  of  water , 

South  side  of  river,  point  on  bottom  of  cliff , 


Pullins  Ferry,  250  feet  south  of,  10  feet  north  of  road,  red  oak  tree, 
nail  in  root  of 

Pullins  Ferry,  surface  of  water 

Cleveland  Shoals,  head  of,  surface  of  water 

Averys  Ferry,  sycamore  tree  10  feet  north  of  river,  nail  in  root  of  . . 

Foot  of  shoals,  surface  of  water 

Bottom  of  cliff,  2  feet  south  of  river,  point  on  rock 


615.42 

610 

614.54 

607 

605 

604 

623.27 

606.46 
600 

628.875 

599 

601.17 

507 

508.10 

595 

592 

597.79 

590 

588 

602.73 

612.241 

588 

587 

598.34 

586 

601.72 

586 

591.83 

582 

588.07 

506.59 

581 

578 

584.36 

578 

581.95 
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Distance 
in  miles. 


39.8 


40.3 
40.3 
40.7 
40.8 
40.8 
40.9 
41.1 
41.4 
41.7 
42.3 
42.8 

42.8 
43.3 
43.3 
43.7 

43.7 
44.2 
44.2 
44.5 
44.7 
45.3 
46.3 
46.3 
46.6 
46.6 
47.7 

47.8 
48.2 
48.2 

48.2 
48.2 


Averys  Ferry,  20  feet  south  of  river,  top  of  cliff,  in  rock,  bronze 
Ublet  marked  "588  Atlanta'' 


Bradberrys  Ferry,  walnut  tree  100  feet  south  of  river,  nail  in  root  of. . 

Chandlers  Shoals,  head  of,  surface  of  water 

Bottom  of  cliff,  1  foot  south  of  river,  point  on  rock. . . .' 

Beech  tree,  1  foot  south  of  river,  nail  in  root  of 

Surface  of  water 

Reed  Creek,  mouth  of,  surface  of  water 

Foot  of  Chandlers  Shoals,  surface  of  water 

Rc<?d  Creek,  900  feet  east  of  10  feet  south  of  river,  nail  in  stump . . 

Boat  landing,  birch  tree,  nail  in  root  of 

Hatton  Shoals,  head  of,  surface  of  water 

North  edge  of  river,  F.  Clark's  house,  1,000  feet  south  of,  nail  in 
root  of  maple  tree 

Surface  of  water 

Big  Beaverdam  Creek,  25  feet  east  of,  nail  in  root  of  beech  tree 

Surface  of  water 


Elevation 
in  feet. 


Large  pine  tree,  25  feet  east  of  small  stream,  5  feet  north  of  river,  | 
nail  m  root  of | 

Surface  of  water | 

Ilatton  Ford,  bottom  of  cliff,  point  on  rock 

Surface  of  water 

Mouth  of  branch,  surface  of  water 

Mouth  of  branch,  surface  of  water.*. 

Water  oak  tree,  30  feet  northeast  of  river,  nail  in  root  of 

Beech  tree,  15  feet  east  of  river,  nail  in  root  of 

Surface  of  water 

Burnt  stump,  40  feet  east  of  river,  nail  in  top  of 

Surface  of  water 

Andersonville,  S.  C,  0.5  mile  north  of,  twin  beech  tree  15  feet  north 
of  river,  nail  in  root  of 

'  Mouth  of  branch,  surface  of  water 

Foot  of  rapids,  surface  of  water 

Andersonville,  S.  C,  east  side  of  road,  200  feet  east  of  river,  north- 
west of  Little  Broadway  Creek,  in  rock,  bronze  tablet  marked 
'•538  AtlanU" 

*'Brouris  "  Ferry,  surface  of  water 

20  feet  west  of  river,  point  on  rock 


587.443 

581.95 

575 

577.26 

572.24 

570 

564 

562 

566.95 

563.72 

560 

556.79 
555 
554.01 
546 

537.07 

535 

526.91 

525 

522 

519 

529.36 

525.17 

519 

524.70 

518 

522.27 

516 

511 

537.519 

510 

514.45 
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SAVANNAH  RIVER  FROM  ANDERSONVILLE,  S.  C,  TO  LISBON,  GA. 

Savannah  River,  which  flows  between  Geoi^a  and  South  CaroUna, 
is  formed  by  the  junction  of  Seneca  and  Tugaloo  rivers  at  Ander- 
sonville,  Anderson  County,  S.  C.  Tugaloo  River  is  in  turn  formed 
by  the  junction  of  Tallulah  and  Chattooga  rivers  at  a  point  about  3 
miles  below  Tallulah  Falls,  Georgia. 

Savannah  River  proper  flows  in  a  southeasterly  direction  through 
a  rather  hilly  country,  which  is  chiefly  devoted  to  the  production  of 
cotton  and  com.  On  the  lowlands  these  crops  are  sometimes  dam- 
aged by  high  water.  The  river  contains  many  small  islands,  some 
of  which  are  in  a  high  state  of  cultivation. 

During  April  and  May,  1903,  a  survey  of  Savannah  River  between 
Anderson ville,  S.  C,  and  the  mouth  of  Broad  River,  near  Lisbon,  Ga., 
a  distance  of  42  miles,  was  made  by  Carroll  Caldwell,  field  assistant. 
In  the  above  distance  there  is  a  fall  of  219  feet.  The  primary  levels 
for  this  survey  were  based  on  the  United  States  Geological  Survey 
bench  mark  at  Andersonville,  S.  C.  Field  sheets  were  plotted  on 
the  scale  of  1 :  22,500,  and  during  the  course  of  the  survey  7  tablets 
and  62  temporary  bench  marks  were  established,  91  water-surface 
elevations  determined,  and  the  following  possible  powers  noted. 

The  first  shoal  of  importance  is  the  McDaniels  Shoal,  where  there 
is  a  fall  of  19  feet  in  2 J  miles.  Half  a  mile  above  the  foot  of  the 
shoal  and  at  the  head  of  Harper  Island  is  an  excellent  site  for  a 
dam  about  700  feet  long. 

At  Turners  Shoals  there  is  a  fall  of  17  feet  in  about  2  J  miles.  These 
shoals  begin  at  Kenly  Ferry  and  extend  to  Craft  Ferry.  The  river 
widens  considerably  about  a  mile  below  Kenly  Ferry  and  has  several 
good  sites,  one  being  on  Craft  Island.  These  shoals  could  be  devel- 
oped only  at  considerable  expense,  as  a  dam  would  have  to  be  1,000 
feet  long. 

Half  a  mile  below,  the  Middleton  Shoals  have  a  fall  of  1 1  feet  in 
li  miles  and  offer  an  excellent  site  for  a  dam.  The  bottoms  and 
sides  are  of  rock. 

One  mile  below  are  Gregg  Shoals  with  a  7-foot  fall  in  about  a 
mile.  Here  the  river  runs  between  steep  hills  and  a  dam  would 
be  about  900  feet  long. 

Half  a  mile  below  Moseley  Ferry  are  the  Cherokee  Shoals,  having 
a  fall  of  18.9  feet  in  less  than  3  miles.  This  is  a  very  fine  power  site, 
as  the  river  runs  between  steep  hills.  A  dam  would  be  about  1,000 
feet  long  and  would  be  placed  one-fourth  of  a  mile  above  the  Seaboard 
Air  Line  bridge. 

One  and  one-fourth  miles  below  the  bridge  are  Trotters  Shoals  with 
a  fall  of  69  feet  in  6  miles.     These  are  considered  the  finest  shoals 
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on  the  river.  They  commence  at  the  foot  of  Watkins  Island  and 
run  below  Tates  mill  to  Coffee  Creek.  In  this  distance  there  are 
numerous  rocky  bluffs  where  there  are  excellent  dam  sites. 

From  the  foot  of  Trotters  Shoals  to  the  mouth  of  Broad  River, 
the  end  of  the  survey,  there  is  a  uniform  fall  of  3  feet  per  mile. 

EUvaiWM  on  Savannah  River  from  AndersonvUkf  S.C.yto  Lisbon^  Gafl 


Distance 
in  miles,  i 


48.2 

48.7 
48.7 
49.3 
49  3 
50.5 
50.6 
50.7 
51.4 
51.4 
52.3 
52.3 
52.3 
52.8 
53.3 
53.3 
53.3 
53.3 

54.6 

54.8 

5.5 
55 
55.7 

55.7 
55.7 
56.1 
56.1 
56.1 
56.1 
56.8 
56.8 


Anderson ville,  S.  C,  east  side  of  road,  200  feet  east  of  river,  northeast 
of  Little  Broadway  Creek,  bronze  tablet  marked  "  538  Atlanta". . . 

Seneca  River,  mouth  of,  surface  of  water 

Small  pine  tree,  nail  in  root  of 

Branch,  mouth  of,  surface  of  water 

Sycamore  tree  on  edge  of  branch  and  river,  nail  in  root  of 

Creek,  mouth  of,  surface  of  water 

Opposite  island,  50  feet  west  of  river,  willow  stump,  nail  in  top  of. 

Branch,  mouth  of,  surface  of  water 

In  footpath,  10  feet  west  of  river,  lai^  red  oak  tree,  nail  in  root  of. 

Lightwood  Log  Creek,  400  feet  west  of  river,  tripple  water  oak  tree. 

Carters  Ferry,  surface  of  water 

High  water 

Lightwood  Log  Creek,  mouth  of,  surface  of  water 

60  feet  west  of  river,  large  walnut  tree,  nail  in  root  of 

Browns  Ferry,  40  feet  west  of,  double  water  oak  tree,  nail  in  root  of. 

Surface  of  water 

High  water 


Elevation 
in  feet. 


Browns  Ferry,  1,200  feet  northeast  of  O.  C.  Brown's  house,  in  brick 
and  stone  abutment  at  rear  of,  northwest  comer,  bronze  tablet 
marked  "  518  Atlanta  " 


Powderbag  Creek,  mouth  of,  surface  of  water 

Creek,  520  feet  south  of,  30  feet  west  of  river,  box  elder  tree,  nail  in 
root  of 


Dooley  Ferry,  114  feet  west  of  river,  poplar  tree,  nail  in  root  of. 
Surface  of  water 


Craft  Island,  opposite,  hanging  over  edge  of  river,  maple  tree,  nail. . 
in  root  of | 

Surface  of  water 

Long  Branch,  mouth  of,  surface  of  water ' 

30  feet  south  of  river,  lai^  poplar  tree,  nail  in  root  of I 

Surface  of  water ' 

McDowells  Shoals,  head  of,  surface  of  water ! 

High-water  mark 

70  feet  southwest  of  river,  pine  tree,  nail  in  root  of 

Surface  of  water 

a  Continued  from  Tugaloo  River  elevations.    See  p.  28. 


537.519 

505 

512.60 

501 

502.78 

497 

503.38 

493 

499.76 

507.28 

492 

516 

491 

501.09 

497.79 

488 

499 

516.891 
487 

491.88 
492.64 
486 

485.13 

485 

484 

487.61 

482 

477 

487 

483.26 

474 
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Elevationa  on  Savannah  River  from  AndersonviUef  S.C.,to  lAsbonf  Oa. — Continued. 


Distance 
in  miles. 


Elevation 
in  feet. 


57.3 
57.3 
57.5 
57.5 
58 

58.7 
50.1 

50.3 
50.3 
50.5 
60.5 
60.5 
60.8 
60.8 
60.0 
60.0 
61.5 

61.5 
62.3 

62.3 
62.4 
62.5 
64.2 
&I.3 
65.8 
65.0 
66.2 
66.2 
66.0 
66.0 
66.0 

66.0 
68.1 
68.5 

68.5 
68.7 


Turner  Creek,  mouth  of,  southwest  of  river,  birch  tree,  nail  in  root  of. 

Surface  of  water 

20  feet  southwest  of  river,  birch  tree,  nail  in  root  of 

Surface  of  water 

Harper  Island,  0.1  mile  west  of,  red  oak  tree  bending  over  edge  of 
river,  nail  in  root  of. 

Surface  of  water 


Piarks  Ferry,  0.2  mile  above,  west  side  of  ferry  road,  opposite  colored 
house,  foot  of  steep  hill,  in  cliff,  bronze  tablet  marked  "405 
Atlanta" 


Parks  Ferry,  15  feet  west  of  river,  latge  red  oak  tree,  nail  in  root  of. 

Surface  of  water 

Surface  of  water 

Mulberry  tree  stump,  west  side  of  river,  nail  in  root  of 

Surface  of  water 

Saddlers  Old  Ferry,  40  feet  west  of  river,  rock  cliff,  point  on  rock. 

Surface  of  water 

60  feet  south  of  river,  hickory  tree,  nail  in  root  of 

Surface  of  water 


Cedar  Creek,  500  feet  north  of  river,  large  black  oak  tree,  nail  in 
root  of 


Cedar  Creek,  mouth  of,  surface  of  water , 

Kinleys  Ferry,  0.1  mile  southwest  of;  10  feet  west  of  river,  white 
ash  tree,  nail  in  root  of 

Surface  of  water 

Turners  -Shoals,  head  of,  surface  of  water , 

McMuUins  Branch,  mouth  of,  surface  of  water 

50  feet  south  of  river,  small  hickory  tree,  nail  in  root  of 

Shoals,  surface  of  water 

200  feet  west  of  river,  black  oak  tree,  nail  in  root  of 

Surface  of  water 

25  feet  west  of  river,  black  oak  tree,  nail  in  root  of 

Surface  of  water 

Craft  Ferry,  10  feet  west  of  river,  red  oak  tree,  nail  in  root  of. . . 

Creek,  mouth  of,  surface  of  water 


Craft  Ferry,  125  feet  west  of  boat  landing,  60  feet  west  of  river,  in 
rock,  aluminum  tablet  marked  "  450  Atlanta  " 

Foot  of  Turners  Shoals,  surface  of  water 

Middleton  Shoals,  head  of,  surface  of  water 


Barnes  Island,  opposite,  125  feet  west  of  river,  small  black  oak  tree, 
nail  in  root  of 

Surface  of  water 


300  feet  west  of  river,  on  top  of  cliff,  dogwood  tree,  nail  in  root  of 


473.43 
471 

476. 13 
470 

472. 57 
466 

404.435 

468.53 

461 

460 

462.42 

458 

466.508 

458 

471.27 

457 

460.66 
455 

457.68 

454 

453 

450 

456.55 

450 

450.62 

443 

445.80 

440 

443.67 

437 

440.306 

437 

435 

443.11 

431 

457.46 
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ElevoHona  on  Savannah  River  from  AndersonviUe,  S.  C.,to  Lisbon^  Oa, — Continued. 


DiBtance 
in  miles. 


EleYation 
in  feet. 


69.5 
69.8 
69.8 
70.2 
70.2 
70.9 
71 

71.3 
72.4 
72.4 
72.8 
73.2 
73.4 
73.7 
73.7 
73.8 
74.3 

75.8 
76.2 

76.2 
76.2 
76.4 

77 
77.3 

77.3 
77.3 
77.6 
78.1 
78.4 

78.4 
78.9 
79.2 
79.2 
79.6 
79.6 
80.5 
80.8 


West  edge  of  river,  willow  stump,  nail  in  root  of 

Middleton  Shoals,  foot  of,  surface  of  water 

20  feet  west  of  river,  post-oak  tree,  nail  in  root  of 

Powells  Ferry,  20  feet  west  of  river,  water  oak  tree,  nail  in  root  of. 

PoweUs  Ferry,  surface  of  water 

Surface  of  water 


Powells  Fenj,  0.8  mile  south  of,  150  feet  west  of  river,  white  ash 
stob,  nail  in  top  of 


Gregg  Shoals,  head  of,  surface  of  water 

Black  Ferry,  25  feet  west  of  river,  nail  in  root  of  birch  tree 

Black  Ferry,  surface  of  water 

350  feet  east  of  river,  octagon  burnt  tree  stump,  nail  in  root  of 

Creek,  mouth  of,  surface  of  water. , 

350  feet  east  of  river,  perainmion  tree  stump,  nail  in  root  of 

Branch,  mouth  of,  surface  of  water 

Mill,  opposite,  surface  of  water 

Coldwater  Creek,  mouth  of,  surface  of  water 


350  feet  east  of  river,  140  feet  southwest  of  small  branch,  persimmon 
tree,  nail  in  root  of. 


Aliens  Creek,  mouth  of,  surface  of  water 

Harper  Ferry,  20  feet  east  of  river,  southside  of  road,  water  oak 
tree,  nail  in  root  of 

Surface  of  water 

High-water  mark 

250  feet  southeast  of  W.  J.  Taylor's  house,  side  of  brook,  in  lime- 
stone rock,  bronze  tablet  marked  "  420  Atlanta " 

Branch,  mouth  of,  surface  of  water 


Ruckers  and  Tuckers  Ferry,  40  feet  southeast  of  and  5  feet  west  of 
river,  willow  tree,  nail  in  side  of 


Surface  of  water 

High-water  maii^ 

Surface  of  water 

Surface  of  water 

English  Creek,  60  feet  west  of,  50  feet  north  of  river,  white  hickory 
stump,  nail  in  root  of 

English  Creek,  mouth  of,  surface  of  water 

McCauleys  Island,  900  feet  south  of  head  of,  surface  of  water 

McCauleys  Ferry,  40  feet  west  of  river,  ash  stump,  nail  in  root  of. . 

Surface  of  water 

Surface  of  water 

150  feet  north  of  river,  beech  tree,  nail  in  root  of 

Branch,  mouth  of,  surface  of  water 

Surface  of  water 


428.03 

424 

432.50 

435.23 

422 

419 

439.30 

418.7 

421.677 

410.3 

431.08 

409 

419-39 

407 

406 

406 

414.39 
404 

412.26 

403 

416 

419. 146 
402 

405.49 
401 
418 
400 


417. 13 

398 

397 

407.19 

397 

396 

407.39 

395 

394 
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Elevations  on  Savannah  River  from  AndersonviSe,  S.  C,  to  Lisbon,  Oa. — Continued. 


Distance 
in  miles. 


Elevation 
in  feet. 


80.8 

81 

81 

81.3 

81.6 

81.7 

81.8 

81.9 

82.6 

82.6 

83.2 

83.3 

83.5 
83.7 
84.2 
84.2 

85.1 

85.2 

85.2 

85.5 

85.7 

85.9 

86 

86.2 

86.3 

86.3 

86.6 

86.6 

87.1 

87.1 
87.5 
87.6 
88.1 
88.3 
88.6 

8a9 
89.2 


50  feet  east  of  river,  walnut  tree,  nail  in  root  of 398. 77 

Moseley  Ferry,  50  feet  east  of  river,  walnut  tree,  nail  in  root  of 400 

Surface  of  water 392 

Surface  of  water 392 

Surface  of  water 391 

Large  falls,  head  of,  surface  of  water 390 

50  feet  east  of  river,  twin  pine  tree,  nail  in  root  of 399. 23 

Cherokee  Shoals,  surface  of  water 388 

Surface  of  water 379 

125  feet  east  of  river,  oak  tree,  nail  in  root  of 385. 75 

Surface  of  water 374 

Carter  Island,  ferry,  40  feet  west  of  river,  white  oak  tree,  nail  in 

root  of 382.52 

Surface  of  water 373 

Rocky  River,  mouth  of,  surface  of  water 372 

Surface  of  water 371 

Seaboard  Air  line  bridge,  abutment,  east  side  of  bridge,  bronze 

tablet  marked  "383  Atlanta'' 382.161 

Watkins  Island,  lower  end  of,  15  feet  north  of  river,  oak  tree,  nail 

in  root  of 375. 7 

Watkins  Island,  150  feet  southwest  of,  on  mainland,  dead  stump, 

nail  in  side  of 374. 59 

Trotter's  shoals,  head  of,  surface  of  water 367 

Shoals,  surface  of  water 364 

Head  of  island,  surface  of  water I  362 

Surface  of  water 358 

75  feet  west  of  river,  nail  in  stub 367. 4 

Calhoun  Island,  end  of,  surface  of  water 356 

60  feet  southwest  of  river,  black  ash  tree,  nail  in  root  of 365. 01 

Trotters  Shoals,  in,  surface  of  water 353 

Surface  of  water 351 

Cliff,  bottom  of,  on  rock,  point 354. 27 

Calhoun  Feny,  triple  cedar  tree,  75  feet  west  of  river,  nail  in 

root  of 348.39 

Surface  of  water 340 

Surface  of  water 336 

50  feet  southwest  of  river,  in  path,  pine  tree,  nail  in  root  of 341. 32 

Creek,  mouth  of,  surface  of  water 329. 7 

Surface  of  water 328 

10  feet  southeast  of  road,  Spanish  oak,  400  feet  west  of  river,  nail 

in  root  of  tree 338.61 

Surface  of  water 325 

Surface  of  water 322 
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Elevations  on  Savannah  River  from  AndersonvilUj  S.  O.^to  Li/^xm^  Oa. — Continued. 


Distance 
in  miles. 


89.2 


89.4 
89.7 
90.1 
90.2 
90.3 

90.3 
90.4 
91.3 
91.3 
91.8 
92.3 
92.8 
92.8 
92.8 
93.7 
93.9 
94.2 
96.1 
96.1 
96.2 
96.4 


200  feet  west  of  river,  on  top  of  steep  hill,  in  footpath,  hickory  tree, 
nail  in  root  of 


Elevation 
in  feet. 


Calhoun  Ferry,  2.5  miles  southeast  of,  50  feet  west  of  river,  in  lai^ 
bronze  tablet  marked  **320  Atlanta" 

Surface  of  water 

Surface  of  water 

Surface  of  water 

Surface  of  water 


10  feet  west  of  river,  300  feet  north  of  old  mill,  water  oak,  nail  in 
root  of 


Surface  of  water 

Surface  of  water 

Branch,  mouth  of,  surface  of  water 

10  feet  west  of  river,  dead  birch  tree,  nail  in  root  of 

Surface  of  water 

Creek,  surface  of  water 

Clarks  Ferry,  200  feet  west  of  river,  water  oak,  copper  tack  in  root . . 

Surface  of  water 

High-water  mark 

Creek,  1,500  feet  below,  surface  of  water 

50  feet  west  of  river,  gum  tree,  copper  tack  in  side  of 

Surface  of  water 

Petersburg  Ferry,  east  side  of  road,  dead  black  gum,  nail  in  root  of. . 

Broad  River,  mouth  of,  surface  of  water 

South  side  of  ferry  road,  water  oak,  nail  in  root  of 

Lisbon,  in  brick  wall  of  R.  L.  Cade's  store,  bronze  tablet  markexl 


'328  Atlanta". 


360.67 

319.252 

318 

313 

308 

304 

3a5.90 

301 

299 

292 

300.21 

291 

289 

309.13 

287 

307 

285 

299.66 

284 

293.41 

281 

295.77 

327.85 


CHATTOOGA  RIVER  BELOW  RUSSELL,  S.  C. 

Between  July  19  and  August  10,  1903,  Chattooga  River  was  sur- 
veyed from  its  mouth,  near  Tallulah  Falls,  Georgia,  to  Russell  Bridge, 
near  Russell,  S.  C,  a  distance  of  30  miles.  In  that  distance  there 
is  a  fall  of  809  feet.  A  line  of  secondary  levels  was  run,  based  on 
a  primary  bench  mark  of  the  United  States  Geological  Survey  3  miles 
below  Tallulah  Falls.  The  field  sheets  were  plotted  on  the  scale  of 
1:22,500,  and  during  the  course  of  the  survey  23  bench  marks  were 
established  and  97  water-surface  elevations  were  noted. 

Chattooga  River  contains  many  available  undeveloped  power  sites. 
From  its  mouth  to  War  Woman  Creek,  a  distance  of  22  miles,  the 
river  runs  through  a  wild,  rugged  country,  almost  uninhabited.     It 
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flows  in  a  gorge  almost  the  entire  distance  and  is  very  narrow  and 
swift.  There  are  numerous  dam  sites  in  this  section,  as  the  river  is 
almost  one  contmuous  shoal  and  has  an  average  fall  of  33  feet  to  the 
mile,  with  a  fine  rock  bottom  and  cUfTs  on  either  side.  The  rock  is 
excellent  for  building  purposes. 

1,750 
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\  Russell  Bridfire 
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1.500 
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1,250 1 
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I 

4) 
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Miles       2.">  'JO  15  10  5  0 

Fig.  4.— Profile  of  Chattooga  River  below  Russell,  S.  C. 


750 


From  War  Woman  Creek  to  Lone  Bottom  Ford,  a  distance  of  5  miles, 
the  bottoms  widen  considerably,  and  there  are  a  few  cultivated  farms. 
Halfway,  at  Laurel  Branch,  there  is  an  excellent  site  for  a  12-foot 
dam,  which  would  back  water  one-half  mile  without  damage  to  culti- 
vated lands.  Here  there  is  a  good  rock  bottom  and  rocky  bluffs  on 
each  side.     From  a  half  mile  above  Laurel  Branch  to  Russell  Bridge, 
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the  end  of  the  survey,  the  bottoms  are  considerably  wider  and  mostly 
cultivated. 

The  elevations  in  the  following  list  are  based  on  an  aluminum 
tablet  marked  '^1050  M  C  at  Washington  street  entrance  to  the 
State  capitol  at  Atlanta,  the  elevation  of  which  is  now  accepted  as 
1,049.546  feet  above  mean  sea  level.  The  initial  point  upon  which 
these  levels  depend  is  a  bench  mark  of  primary  levels  of  Tugaloo 
and  Savannah  River  surveys  at  the  mouth  of  Chattooga  River.  The 
elevations  accord  with  the  1903  adjustment. 

The  leveling  was  done  under  the  direction  of  Carroll  Caldwell,  field 
assistant,  by  Thomas  B.  O'Hagan,  levelman. 

Elevations  on  Chattooga  River  from  its  mouth  to  RusseU  Bridge,  Oa.,  0.7  mUe  norih  of 

RussdlyS.C. 


Distanoe 
in  miles. 


0.0 
.0 

.0 

.2 

.7 
1 

1.2 
1.9 
1.9 
2.1 
2.6 
3 
4 
4 

4.1 
4.5 
4.7 
4.9 
4.9 
5 

5.1 
5.2 
5.3 
5.6 
5.6 
5.6 
5.8  I 


Tallulah  and  Chattooga  rivers,  100  feet  north  of  junction,  point 
on  rock 


Tallulah  and  Chattooea  rivers,  white  oak  tree  75  feet  west  of  junc- 
tion of,  25  feet  north  of  Tallulah  River,  nail  in  root  of  oak  tree 

Surface  of  water 

Surface  of  water 

Mouth  of  stream,  surface  of  water 

Worse  Creek,  mouth  of,  surface  of  water 

Surface  of  water 

Small  stream  on  north  edge  of  river,  Spanish  oak,  nail  in  root  of 

Surface  of  water 

Surface  of  water 

North  side  of  river,  point  on  rock 

Surface  of  water 

East  side  of  river,  point  on  rock 

Surface  of  water 

Surface  of  water 

Creek,  mouth  of,  surface  of  water 

Surface  of  water 

East  side  of  river,  point  on  rock 

Surface  of  water 

Surface  of  water 

Surface  of  water 

Surface  of  water 

Mouth  of  stream,  head  of  shoals,  surface  of  water 

Camp  Creek,  mouth  of,  surface  of  water , 

Trail  Ford,  point  on  rock  20  feet  east  of  river , 

Trail  Ford,  surface  of  water 

Surface  of  water 


Elevation 
in  feet. 


761.29 

762.21 

754 

759 

763 

765 

766 

776.27 

772 

775 

788.63 

779 

851.51 

849 

869 

892 

899 

918.27 

919 

929 

939 

949 

954 

961 

967.50 

962 
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Elevations  on  Chattooga  Rwer  from  its  mouth  to  RiisaeU  Bridge,  Oa.,  0.7  tnUe  north  oj 
RusseU,  S.  C— Continued. 


Distance 
in  miles. 


6.1 

6.3 

6.7 

7 

7.2 

7.4 

7.4 

7.5 

7.6 

7.8 

8 

8.2 

8.4 

8.5 

8.6 

9 

9.5 

9.8 

10 

10 

10 

10 

10 

10.5 

10.6 

10.6 

10.8 

11 

11.4 

11.7 

12 

12.5 

12.7 

12.9 

13 

13.2 

13.6 

13.8 

14 

14 


Surface  of  water 

Surface  of  water .' 

Surface  of  water 

Surface  of  water 

Surface  of  water 

Cliff  Creek,  mouth  of,  surface  of  water 

Cliff  Creek,  500  feet  above,  east  side  river,  point  on  rock 

Surface  of  water 

Chechero  Creek,  mouth  of,  surface  of  water 

Surface  of  water 

Surface  of  water 

Surface  of  water 

Surface  of  water 

Surface  of  water 

Surface  of  water 

Surface  of  water 

Surface  of  water 

Surface  of  water 

E^t  side  of  river  on  edge  of  bank,  point  on  rock 

Surface  of  water 

Iron  bridge,  South  Carolina  side,  iron  bar  under  bridge,  point  on. . . 

Iron  bridge,  surface  of  water 

High  water 

Surface  of  water 

Mouth  of  creek,  surface  of  water 

Head  of  falls,  surface  of  water 

Mouth  of  stream,  surface  of  water 

Surface  of  water ■ 

Surface  of  water 

Mouth  of  stream,  surface  of  water 1 

Surface  of  water 1 

50  feet  south  of  island,  east  side  of  river,  10  feet  from  bank,  point  on 
rock 


Elevation 
in  feet. 


Surface  of  water 

Surface  of  water 1 

Surface  of  water 1 

Stream,  mouth  of,  surface  of  water '  1 

Surface  of  water 1 

South  Carolina  side  of  river,  at  large  cliff,  point  on  rock 1 

Surface  of  water 1, 

Mouth  of  Fall  Creek,  surface  of  water I  1, 
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979 
989 

QQQ 

000 

029 

035 

045.26 

039 

049 

059 

069 

079 


109 

119 

129 

149 

152.43 

159 

168.95 

166.3 

177 

169 

173 

179 

183 

189 

199 

2(M 

209 

217.86 

219 

223 

229 

232 

239 

245.53 

249 

262 
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EUxxUions  on  Chattooga  River  from  its  mouth  to  RusseU  Bridget  Ga.,0.7  mile  north  oj 
RusseUf  S.  C, — Continued. 


Distance 
In  miles. 


14.5 

14.7 

15 

15.7 

16 

16.  G 

16.8 

16.9 

17 

17.4 

17.8 

18 

18.7 

18.7 

18.9 

19.1 

19.2 

19 

19.7 

19.8 

20 

20 

20.2 

20.6 

20.7 

20.8 

21 

21.2 

22 

22.1 

22.3 

22.7 

23 

23 

23 

23.8 

23.8 

24.8 

25.2 

25.2 

Elevation 
in  feet. 


Surface  of  water 1, 268 

Surface  of  water 1, 279 

Surface  of  water '     1, 289 


Surface  of  water 

Surface  of  water 

Rich  Creek,  mouth,  surface  of  water 

Surface  of  water 

South  Carolina  side  of  river,  point  on  rock 

Surface  of  water 

Surface  of  water 

Sandy  Bottom,  1 ,000  feet  below,  east  side  of  river,  point  on  rock. 

Surface  of  water 

Surface  of  water 

East  side  of  river,  point  on  rock 


1,296 

1,299 

1,308 

1,309 

1,310.4 

1,319 

1,329 

1,332 

1,340 

1,359 

1,366.45 


Surface  of  water 1, 360 


300  feet  below  falls,  at  bend  in  river,  point  on  rock 

Foot  of  falls,  surface  of  water 

He&d  of  falls,  surface  of  water 

Surface  of  water 

Rock  Creek,  mouth  of,  surface  of  water 

Sandy  Ford,  surface  of  water 

Sandy  Ford,  75  feet  north  of,  15  feet  east  of  river,  nail  in  root  of 
whiite  oak  tree , 


1,376.19 

1,375 

1,381 

1,399 

1,406 

1,411 

1,416.55 

Surface  of  water 1, 419 

Surface  of  water 1, 429 

Dick  Creek,  mouth  of,  surface  of  water 1, 439 

Surface  of  water 1, 449 

East  side  of  river,  point  on  rock 1, 452. 91 

Surface  of  water 1 ,  459 

Surface  of  water.. 1 ,  469 

Surface  of  water 1, 473 

4  feet  east  of  river,  nail  in  root  of  large  pine  tree 1, 481. 86 

Surface  of  water '  1 ,  479 

Earl  Ford,  100  feet  below  ford,  east  side  of  river,  point  on  rock 1 ,  486. 74 


Surface  of  water 

War  Woman  Creek,  mouth  of,  surface  of  water. 
South  side  of  river,  point  on  rock 


1,486 
1,486 
1.494.13 


Surface  of  water ^ I     1, 492 


Surface  of  water 

West  side  of  river,  point  on  rock. 
Surface  of  water 


1,499 

1,510.51 

1,505 
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Elevations  on  Chaitooga  Rit^er  from  its  mouth  to  Russell  Bridge,  Ga.,  0.7  mile  north  of 
RvsseUf  S.  C. — Continued. 


Distance 
in  miles. 


Elevation 
in  feot. 


26 

26.3 

26.4 

26.4 

26.8 

27.1 

27.9 

28 

28.7 

29.7 

30.6 

30.6 

30.6 


Horseback  Ford,  surface  of  water 

Surface  of  water 

Ford,  65  feet  above,  north  side  of  river,  nail  in  live  stub  (white  oak 
tree) 

Surface  of  water 

Surface  of  water 

Surface  of  water 

Barlow  Stream,  center  of  river,  point  on  rock 

Surface  of  water 

Long  Bottom  Ford,  east  side,  nail  in  fork  of  sugar  maple  tree 

Small  stream,  mouth  of  river  at,  surface  of  water 

West  Fork,  mouth  of,  surface  of  water 

Wooden  bridge,  above   Russell,  S.  C,  southwest  side  of  bridge, 
point  on  bolt 

Bridge,  surface  of  water 


1,518 
1,519 

1,522.66 

1,521 

1,529 

1,539 

1,547.26 

1,549 

1,557.68 

1,554 

1,563 

1,584.84 
1,564 


BROAD  RIVER  BELOW  CARNESVILLE,  GA. 

Between  June  9  and  July  16,  1903,  Broad  River  was  surveyed 
from  its  mouth,  near  Lisbon,  Ga.,  to  Harrison  Bridge,  near  Cames- 
viUe,  Ga.,  a  distance  of  64 J  miles.  In  that  distance  there  is  a  fall 
of  316  feet.  The  field  sheets  were  plotted  on  the  scale  of  1:22,500, 
and  the  survey  was  accompanied  with  a  Une  of  secondary  levels 
based  on  the  primary  bench  mark  of  the  United  States  Geological 
Survey  at  Lisbon,  Ga.  During  the  course  of  the  survey  54  bench 
marks  were  established  and  109  water  elevations  determined. 

The  flow  is  very  gradual  from  the  mouth  to  Milford  Shoals,  a  dis- 
tance of  2  miles.  These  shoals  have  a  fall  of  8  feet  in  a  distance 
of  one-third  of  a  mile,  and  are  about  500  feet  wide.  The  river  bot- 
toms are  wide  up  to  the  foot  of  Anthony  Shoals,  5i  miles  from  the 
mouth  of  the  river.  Here  is  the  finest  power  site  on  the  river,  there 
being  a  fall  of  58  feet  in  IJ  miles,  with  rock  bottom  and  rock  bluffs 
on  each  side.  A  dam  at  this  point  would  have  to  be  1,000  feet 
long.  The  rock  is  granite  and  would  furnish  excellent  material  for 
building  purposes.  At  the  end  of  these  shoals,  on  the  Elbert  County 
side,  are  the  remains  of  a  wing  dam  which  furnished  power  for  a 
cotton  mill  now  in  ruins. 

From  here  to  Fishdam  Shoals,  9J  miles,  the  river  has  a  fall  of 
9  feet,  with  wide,  cultivated  bottoms  on  either  side  for  most  of  the 
distance.  At  Fishdam  there  is  a  3-foot  dam  about  250  feet  long 
which  furnishes  power  for  a  grist  and  saw  mill. 


Digitized  by  VjOOQIC 


40 


RIVER   SURVEYS    AND   PROFILES   OF   1903. 


[NO.  115. 


From  Fishdam  to  the  mouth  of  South  Broad  River,  15  J  miles, 
there  is  a  fall  of  23  feet  with  no  shoal  of  any  consequence.  The 
bottoms  are  wide  in  most  places  and  are  in  a  high  state  of  cultiva- 
tion. 

One  mile  above  South  Broad  River  are  the  Detwiler  Shoals,  with 
a  fall  of  7  feet  in  half  a  mile.  A  dam  at  this  point  would  be  about 
300  feet  long.  A  mile  and  a  half  farther  are  the  lower  Moore  Shoals, 
with  a  fall  of  6  feet  in  a  quarter  of  a  mile,  and  good  outcrop  of  hard 
rock  on  both  sides.     A  dam  here  would  be  about  350  feet  long. 

Five  miles  farther  up  are  the  Payton  Shoals,  with  a  fall  of  4  feet 
in  a  quarter  of  a  mile.  Here  the  steep  banks  show  granite  on  the 
southeast  side. 

Two  and  one-half  miles  upstream  are  the  Cowpen  Shoals,  with  a 
fall  of  8  feet.  This  is  an  excellent  site  for  a  dam,  having  rock  bot- 
tom and  sides.     Two  miles  upstream  are  Moore  Shoals,  with  a  fall 
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of  19  feet  in  three-fourths  of  a  mile.  The  river  here  is  about  400 
feet  wide,  with  soUd  rock  bluffs  on  either  side. 

One-half  mile  beyond  are  Brown  Shoals,  with  a  10-foot  faD  in  one- 
third  of  a  mile.  A  dam  here  would  be  about  400  feet  long  and  would 
have  an  excellent  foundation.  One  and  three-fourths  miles  upstream 
are  the  Bryant  Shoals,  with  a  fall  of  20  feet  in  IJ  miles.  This  is  an 
excellent  site  for  a  dam,  having  good  bottoms  and  rock  sides. 

For  12  miles  upstream  to  Double  Bridge  the  shoals  are  small  and 
do  not  seem  important.  From  Double  Bridge  to  Harrison  Bridge, 
at  which  point  the  survey  ended,  a  distance  of  6  miles,  the  river  is 
very  narrow  and  shoaly,  but  the  volume  of  water  is  small. 

The  elevations  in  the  following  list  are  based  on  a  bronze  tablet 
in  a  brick  wall  of  R.  L.  Cade's  store  at  Lisbon,  Ga.,  marked  '^Atlanta 
328,"  the  elevation  of  which  is  accepted  as  327.850  feet  above  mean 
sea  level.  They  accord  with  the  1903  adjustment  of  the  precise- 
level  net. 

The  leveling  was  done  under  the  direction  of  Carroll  Caldwell, 
field  assistant,  by  T.  B.  O'Hagan,  levelman. 
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EUvalions  on  Broad  River  from  nunUh  to  IlarrUon  Bridge,  3  mUes  southwest  o]  CamesviUe. 


Distance 
in  miles. 


0.0 

.0 
.0 
.6 
1.4 
2.1 
2.4 
2.4 

2.7 
3.4 
4.7 
5 

5.2 
5.2 
5.2 
5.4 
5.6 
5.8 
6 
6 

6.4 
6.5 
6.5 
6.5 
7.1 
8.7 
8.7 
10 
10.9 
11 
11 

11.8 
13.8 
13.8 
13.8 
13.8 
15 

15.4 
15.6 


Lisbon,  mouth  of  Broad  River,  870  feet  northwest  of,  south  side  of 
ferry  road,  nail  in  twin  water  oak 


Broad  River,  mouth  of,  surface  of  water 

Broad  River,  870  feet  northwest  of  mouth,  high-water  bench  mark. . . 

Small  stream,  near,  surface  of  water 

Mill  Ford  Shoals,  foot  of,  surface  of  waters 

Mill  Ford  Shoals,  middle  of,  surface  of  water 

Mill  Ford  Shoals,  head  of,  surface  of  water 


Mill  Ford  Shoals,  200  feet  east  of  river,  near  54nch  elm  tree,  nail  in 
live  stob 


Center  of  bend,  surface  of  water 

Dubose  Ferry,  300  feet  above,  surface  of  water 

Anthony  Shoals,  foot  of,  surface  of  water 

Anthony  Shoals,  surface  of  water 

Anthony  Shoals,  at  lai^ge  bend  in  river,  surface  of  water 

Anthony  Shoals,  at  rock  cliff,  surface  of  water 

Anthony  Shoals,  at  rock  cliff,  point  on  rock,  1  foot  west  of  river 

Anthony  Shoals,  surface  of  water 

Anthony  Shoals,  surface  of  water 

Anthony  Shoals,  in  front  of  old  factory,  surface  of  water 

Anthony  Shoals,  at  old  dam,  east  edge  of  river,  nail  in  root  of  birch  tree . 

Anthony  Shoals,  surface  of  water 

Anthony  Shoals,  head  of,  surface  of  water 

Burton  Ferry,  6  feet  south  of  river,  nail  in  root  of  Spanish  oak  tree 

Surface  of  water 

Burton  Ferry,  high  water 

Surface  of  water 

Mouth  of  creek,  surface  of  water 

60  feet  south  of  river,  25  feet  east  of  creek,  nail  in  sweet  gum  tree 

Surface  of  water 

Bfdiers  Ferry,  smaU  shoals,  surface  of  water 

Bfdiers  Ferry,  20  feet  southwest  of  river,  nail  in  root  of  laqijo  birch  tree. 

Bakers  Ferry,  surface  of  water 

Wahache  Creek,  mouth  of,  surface  of  water 

BeUs  Bridge,  north  side,  nail  in  joist 

Bells  Bridge,  surface  of  water 

Bells  Bridge,  high  water 

Bells  Bridge,  floor  of 


Bells  Bridge,  250  feet  north  of  river,  large  pine  tree  near  path  to  river, 
nail  in  tree 


Mouth  of  smaU  stream,  surface  of  water. . . 
Falling  Creek,  mouth  of,  surface  of  water. 


Elevation 
in  feet. 


295.77 

280 

300 

281 

281 

288 


304.9 

291 

292 

293 

295 

307 

310 

311.57 

319 

329 

339 

347.77 

351 

355 

361.44 

355 

364 

355 

356 

367.59 

356 

356 

364 

357 

360 

373.60 

360 

386 

393.2 

375.34 

361 

362 
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Eievations  on  Broad  River  from  mouth  to  Harrison  Bridge^  3  miles  southwest  of  Comes- 

viUe — Continued. 


Distanoo 
in  miles. 


Elevation 
In  feet. 


16 

16.4 

16.4 

16.4 

16.4 

16.4 

17.7 

18.9 

18.9 

20 

20 

21.3 

22.1 
22.5 

23.1 

23.1 

23.1 

23.1 

24.8 

24.8 

25.2 

25.2 

25.2 

25.5 

26 

26.7 

26.7 

28 

28.5 

28.5 

28.6 

28.6 

30 

30.9 

31 

31.3 

31.3 


Foot  of  shoals,  surface  of  water 

Fishdam,  foot  of,  surface  of  water 

Fishdam,  head  of,  surfac43  of  water  .  .^ 

Fishdam  Ferry,  north  side  river,  nail  in  root  of  large  water  oak  tree. . . 

Fishdam  Ferry,  surface  of  water 

Fishdam  Ferry,  south  side  of,  nail  in  root  of  gum  tree 

Surface  of  water 

North  of  river,  point  on  rock 

Surface  of  water 

Grimes  old  ferry,  edge  of  river,  nail  in  root  of  white  oak  tree 

Grimes  old  ferry,  surface  of  water 

500  feet  south  of  river,  river  road,  25  feet  south  of,  nail  in  ropt  of 
Spanish  oak 

Mouth  of  large  creek,  surface  of  water 

Pinegrove,  400  feet  north  of  river,  900  feet  west  of  large  creek,  nail  in 
root  of  pine  tree 

Mattox  Bridge,  north  side,  nail  in  plank 

Mattox  Bridge,  surface  of  water 

Bridge  floor 

nigh  water 

Rock  clifl",  near,  40  feet  south  of  river,  nail  in  root  of  gum  tree 

Surface  of  water 

Jones  Ferry,  east  side,  nail  in  root  of  water  oak  tree 

Jones  Ferry,  surface  of  water 

nigh-water  mark 

Jones  Ferry,  0.3  mile  above,  40  feet  west  of  river,  nail  in  white  oak  tree. 

Surface  of  water 

Millstone  Creek,  mouth  of,  60  feet  east  of,  25  feet  south  of  river,  nail  in 
side  of  ix)X  elder 

Millstone  Creek,  mouth  of,  surface  of  water 

Gold  Mine  Cliff,  surface  of  water 

Horseshoe  Bend,  head  of,  150  feet  south  of  river,  in  cornfield,  nail  in 


Spanish  oak 

Dove  Creek,  mouth  of,  surface  of  water. 

Bend  in  river,  surface  of  water 

Surface  of  water 

260  feet  north  of  river,  nail  in  root  of  pine  tree 

Surface  of  wuUt 

Martins  old  ferry,  near  spring,  point  on  rock I 

Junction  Soutli  Fork  and  Broad  River,-southeast  point  of  rivers,  nail  ! 
in  side  of  birch  tree , 

Surface  of  water I 


363 

365 

368 

374.35 

368 

374.87 

368 

386.66 

370 

375.  51 

371 

388.89 
372.8 

398.51 

401.  a5 

374 

404 

400 

397.88 

377 

393.43 

377 

401 

3W.38 

380 

392.  W 

381 

384 

405.67 

386 

396.4 

386 

411.3 

391 

420.14 

395.86 
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Elevations  on  Broad  River  from  mouth  to  Harrison  Bridge,  3  miles  southwest  of  Comes- 

vide — Continued. 


Distance 
in  miloe. 


Elevation 
in  feet. 


32.4 

32.9 

32.9 

32.9 

33.4 

33.4 

34 

34.4 

34.4 

34.4 

34.7 

34.7 
34.7 
35.9 

35.9 

35.9 

36.8 

»7.5 

87.5 

37.8 

37.9 

38.6 

39 

39 

39.1 

39.1 
39.1 
39.1 
39.4 
39.8 
39.8 
39.8 
40.4 
40.4 
40.5 
41.1 

41.1 


Detwiler  Ferry,  foot  of  shoals,  surface  of  water 

Detwiler  Ferry,  east  side,  edge  of  water,  slanting  Spanish  oak,  nail  in . . 

Detwiler  Ferry,  head  of  shoals,  surface  of  water 

Detwiler  Ferry,  high  water 

Seaboard  Air  Line  bridge,  abutment,  east  side  of  river,  350  feet  from. 

Seaboard  Air  Line  bridge,  surface  of  water 

Moore  Shoals,  surface  of  water 

Old  mill,  25  feet  east  of  river,  point  on  rock 

Old  mill,  mouth  of  stream,  surface  of  water 

Moore  Shoals,  head  of,  surface  of  water ; 

Bells  Ferry,  edge  of  river,  2  feet  from  road,  overhanging  Spanish  oak, 
nail  in 

Bells  Ferry,  surface  (>f  water 

Bells  Ferry,  high  water 

Harpers  Ferry,  north  side  of  river,  east  side  ferry,  nail  in  root  of  black 
gum  tree 

Harpers  Ferry,  surface  of  water 

Harpers  Ferry,  high  witer 

Holly  Branch,  mouth  of,  surface  of  water 

Moon  Ferry,  east  of  ferry,  nail  in  side  of  white  oak  tree 

Moon  Ferry,  surface  of  water 

Surface  of  water 

Mouth  of  creek,  surface  of  water 

Payton  Shoals,  foot  of,  surface  of  water 

Payton  Shoals,  east  side  of  river,  nail  in  sycamore  tree 

Payton  Shoals,  head  of  shoals,  surface  of  water 

South  Pavton  Ferry,  25  feet  from  river,  east  side  of  ferry,  nail  in  side 
of  dead  willow  tree 

Payton  Ferry,  high  water 

Payton  Ferry,  surface  of  water 

Payton  Ferry,  high  water 

Payton  No.  2,  head  of  shoals,  surface  of  water 

Victory  Ferry,  overhanging  birch  tree,  nail  in  side  of 

Victory  Ferry,  surface  of  water 

High  water 

Moon  Ferry,  nail  in  root  of  white  oak  tree 

Moon  Ferry,  foot  of  shoals,  surface  of  water 

Moons  Shoals,  head  of,  surface  of  water 

Bend  in  river,  1,500  feet  east  of  Mill  Creek,  east  side  river,  point  on 
rock 

Surface  of  water 


395 

406.07 

402.1 

423.6 

420.28 

402 

404 

416.23 

409 

411 

418.87 

412.3 

430 

422.54 

414 

432 

416 

423.19 

418 

419 

420 

422 

428.57 

425 

431.35 

449 

427 

449 

429 

432.  17 

430 

450 

442.62 

431 

433 

443.14 
438 
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Elevatvms  on  Broad  River  from  mouth  to  Harrimm  Bridge,  S  mtlee  aouthwest  of  Cames- 

ville — Continued. 


Distance 
in  miles. 


41.4 
41.4 
42.2 
42.7 
42.7 
42.7 
43.0 
43.3 
43.3 
43.8 
43.8 
44.2 
44.6 
44.6 
45.5 
45.5 
45.5 
45.6 
46.2 
46.5 
46.5 
46.5 
47.7 

47.7 
48.9 
49.6 
50.4 
60.4 
60.4 
50.4 
51.2 
51.6 
52.3 

52.4 
53.2 
53.9 
64.7 
54.7 
54.7 


Mill  Shoal  Creek,  mouth  of,  surface  of  water. 

Surface  of  water 

Head  of  shoak,  surface  of  wat«r. 

Moore  Ferry,  west  side  of,  large  spruce  oak  tree,  nail 

Moore  Ferry,  surface  of  water. 

High  water. 

Moore  Shoal,  at  spring,  foot  of  shoals,  surface  of  water 

Shoals,  surface  of  water 

Moore  Shoals,  near  head  of,  point  on  rock. 

Browns  Ferry,  burnt  stump  northeast  of  river,  nail  in 

Browns  Ferry,  near  head  of  Moors  shoals,  surface  of  water 

Moore  Shoals,  head  of,  surface  of  water .• 

Dudleys  Shoals,  east  bank  of  river,  point  on  rock 

Surface  of  water 

Dudley  Ferry,  black  gum  tree  north  side  of  ferry,  nail  in  root 

Dudley  Ferry,  surface  of  water 

High-water  mark 

Bryant  Shoals,  foot  of,  surface  of  water 

Bryant  Shoals,  head  of,  surface  of  water 

Sawmill,  Spanish  oak  tree,  50  feet  from  river,  nail  in  root  of 

Surface  of  water , 

Head  of  shoals,  surface  of  water 

Bluestone  Creek,  north  side  river,  1.2  miles  below  Bluestone  Crock, 
point  on  rock 

Surface  of  water 

Mouth  of  Bluestone  Creek,  surface  of  water 

Surface  of  water 

New  Lattice  Bridge,  east  side  of  river,  nail  in  floor  of 

Bridge  floor 

Bridge,  surface  of  water 

High-water  mark 

Mouth  of  stream,  foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 


Winters  Creek,  just  below  bend  in  river,  surface  of  water,  temporary 
bench  mark 


Winters  Creek,  mouth  of,  head  of  shoals,  surface  of  water 

Surface  of  water 

Mouth  of  stream,  surface  of  water 

Bragg  Ferry,  2  feet  from  river,  nail  in  root  large  red  oak  tree. 

Bragg  Ferry,  mouth  of  Hudson  River,  surface  of  water 

High-water  mark 


496 
506.65 
502 
506 

5ia38 

512 

617 

521 

546.44 

548.8 

523 

548.1 

523.7 

526 

545 

529 

532 

535 

541.75 

537 

567 
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Elevations  on  Broad  River  from  mouth  to  Harrison  Bridgej  3  miles  southtoest  of  Cames- 

vHU — C!ontinued. 


Distance 
in  miles. 


55.2 
55.7 
55.7 
55.7 
57.2 
57.3 
57.6 
57.7 
57.7 
58.1 
58.8 

58.8 
50.1 
50.1 
50.1 
50.1 
59.7 
59.9 
60.6 

60.9 
60.9 
61.5 
61.5 
62.1 
62.2 
62.3 
62.8 
63.2 
63.4 
63.4 
63.4 
64.6 
64.6 
64.6 
64.6 


Surface  of  water 

Dove  Bridge,  southeast  comer  of,  nail  in  side  of  white  oak  tree 

Dove  Bridge,  surface  of  water 

High  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Surface  of  water 

Creek,  60  feet  southeast  of  mouth  of,  nail  in  white  oak 

Creek,  mouth  of,  surface  of  water 

Mouth  of  stream,  surface  of  water 

Middle  Broad  and  Broad  rivers,  forks  of,  walnut  tree  75  feet  west  of 
fork,  nail  in  side 

Surface  of  water 

Double  Bridge,  northwest  side  of,  nail  in  plank 

Surface  of  water 

High-water  mark 

Bridge  floor 

Head  of  shoals,  surface  of  water 

Surface  of  water 

Corey  Creek,  0.6  mile  below,  large  rock  projecting  out  from  bank 
pomt  on 

Small  shoals  in  river,  surface  of  water 

Corey  Creek,  mouth  of,  surface  of  water , 

Bend,  on  east  side  river,  point  on  rock 

Surface  of  water 

Fish  dam,  surface  of  water 1 

Surface  of  water 

Bend  in  river,  east  side,  point  on  rock  cliff 

Philip  Shoals,  head  of,  surface  of  water 

Stephens  Creek,  mouth  of,  surface  of  water 

Ford,  oak  tree  75  feet  north  of,  nail  in  north  side  of 

Surface  of  water 

Surface  of  water 

Harrison  Bridge,  east  of,  north  of  river,  nail  in  root  of  Spanish  oak  tree . 

Surface  of  water 

Bridge  floor 

High-water  mark 


Elevation 
in  feet. 


541 

561.78 

542 

569 

548 

552 

554 

563.30 

556 

556 

575. 16 

557 

581.11 

563 

576 

584 

570 

573 

581.02 

580 

581 

591.15 

584 

586 

588 

598.59 

591 

592 

603.49 

593 

594 

607.07 

506 

613.7 

612 
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SOUTH    AND    OCMULGEE    RIVERS,  FROM     CONSTITUTION    TO 

MACON,  GA. 

South  and  Ocmulgee  rivers  were  surveyed  from  Constitution  to 
Macon,  Ga.  For  the  first  28  miles  the  topography  was  plotted  on 
the  scale  of  1:45,000,  but  subseouently  on  the  standard  scale  of 
1 :  22,500.  The  levels  are  secondai  levels  based  on  the  United  States 
Geological  Survey  permanent  bench  mark  at  Constitution,  Ga. 
Eighty-six  bench  marks  were  established  and  200  water-surface 
elevations  were  recorded. 

South  River  rises  in  the  city  of  Atlanta  and  flows  in  a  south- 
easterly direction  for  56 J  miles  and  then  joins  Yellow  River  to  form 
the  Ocmulgee.  For  11  or  12  miles  below  Constitution,  the  begin- 
ning of  the  survey,  the  river  is  narrow,  being  about  15  feet  wide  at 
places.  All  along  the  north  side  of  the  river  in  this  stretch  are 
extensive  beds  of  clay,  which  at  certain  points  are  being  used  for 
brickmaking. 

Flakes^  mill,  11  miles  from  Constitution,  is  the  first  power  now 
utilized  on  the  river.  At  this  point  the  dam  is  6  feet  high.  Below 
for  6  miles  the  river  remains  shoaly  and  narrow  imtil  Flat  Shoal 
is  reached,  where  there  is  a  fall  of  12  feet  with  a  small  gristmill 
using  a  httle  of  the  power.  Near  here  the  river  is  very  crooked 
and  incloses  in  its  large  loops  flat,  sandy  stretches  of  country,  which 
are  very  fertile.  Near  Flat  Shoal  ig  Littlestone  Mountain,  with 
valuable  granite  quarries. 

At  Albert  Shoals,  7  miles  farther  down,  there  is  a  fall  of  16  feet 
in  half  a  mile.  The  river  is  here  about  125  feet  wide  and  the  vol- 
ume is  much  increased  by  a  number  of  tributary  streams.  The 
banks  are  sloping,  with  no  rock  visible.  The  power  site  has  recently 
been  purchased  by  a  company  which  proposes  to  develop  it. 

At  Simm^s  mill,  3  miles  below,  is  a  small  2-foot  dam.  From  here 
to  Peachstone  Shoals,  a  distance  of  11  miles,  there  is  a  fall  of 
32  feet,  the  river  winding  through  good  bottom  lands.  Camp  and 
Honey  creeks  enter  the  river  in  this  stretch  and  add  a  large  amoimt 
of  water.  At  Peachstone  Shoals  is  a  2-foot  dam  which  backs  the 
water  for  one-half  mile,  and  with  a  canal  about  400  feet  long 
develops  a  head  of  about  9  feet,  the  power  from  which  drives  sev- 
eral turbines  operating  a  grist  and  a  saw  mill.  Soft  rock  is  visible 
on  the  west  bank,  while  the  east  bank  is  a  flat  sand  bar. 

About  8  miles  below  are  the  Snapping  Shoals,  where  there  is  a 
faU  of  20  feet  in  a  distance  of  300  yards.  Near  the  lower  end  of  the 
rapids  several  small  islands  divide  the  channel  into  several  parts. 
SoUd  rock  is  close  to  the  surface  on  both  sides  of  the  river.  A  por- 
tion of  the  power  at  this  point  is  used  in  operating  a  large  roller 
flour  mill  and  sawmiU.     Mr.  DeLoach,  the   owner,  is   taking  steps 
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to  develop  all  the  power  and  intends  erecting  a  large  cotton  factory 
at  this  point. 

Three  miles  below  here  is  Island  Shoal,  with  a  faU  of  10  feet  in 
250  yards.  Here  there  is  a  flour  mill  and  a  furniture  factory,  both 
operated  by  a  3-foot  dam  with  a  canal  1,200  feet  long.  The  head 
could  be  increased  by  adding  5  feet  more  to  this  dam  without  mate- 
rially damaging  any  property  above.  This  site  is  an  excellent  loca- 
tion for  power  development,  as  the  banks  are  high  and  soUd  and 
the  length  of  the  dam  would 

probably  not  exceed  250     f  I      '         I  I  1^'^^^ 

feet. 

Eight  miles  farther  down 
is  the  Barnes  Shoal,  at  the 
mouth  of  Yellow  River.  A 
dam  here  would  be  about 
700  feet  long.  There  are 
excellent  foundations  and 
about  a  9-foot  fall. 

Farther  down  the  stream 
are  Keys  Sho".ls,  with  a 
3-foot  fall  and  several  mi- 
nor riffles  to  Lloyds  Shoals, 
which  has  a  faU  of  43  feet 
in  about  2i  miles,  at  the 
lower  end  of  which  there 
is  a  good  dam  site.  The 
river  at  this  point  is  only 
about  350  feet  wide,  with 
soUd  rocky  banks  rising  50 
feet  on  either  side.  A  45- 
foot  dam  at  this  point 
would  do  a  trifling  amount 
of  damage  to  property 
above. 

Ten  miles  downstream 
is  Smith  Shoal,  with  a  fall 
of  12  feet,  where  a  2-foot 
dam  and  a  long  canal  at  present  run  Smith's  gristmill.  At  Lamars 
Shoals,  2  miles  below,  there  is  a  fall  of  19  feet  in  1  mile  with  a 
5-foot  dam  and  a  canal  running  a  flour  mill.  The  river  is  here  about 
1,000  feet  wide,  with  high,  rocky  banks,  and  has  a  number  of  small 
islands  and  large  rocks  scattered  all  through  it.  Twelve  miles  far- 
ther down,  at  JuUette,  Ga.,  is  an  important  shoal  which  has  been 
developed  by  Doctor  Glover.  There  is  a  15-foot  fall  in  one-half 
mile,  which  has  been  developed  by  an  8-foot  dam  with  a  short  canal, 
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and  runs  the  Glover  cotton  mills  and  the  JuUette  Milling  Company's 
plant. 

Twelve  miles  below  are  Dames  Shoals,  with  an  8-foot  fall  in  600 
feet.  A  6-foot  dam  at  this  point  suppUes  Carstarphens  gristmill, 
which  is  a  large  wholesale  plant.  The  bed  of  the  river  here  is  solid 
rock,  but  a  higher  dam  would  flood  valuable  bottom  lands  above. 

Popes  Shoals  have  a  5-foot  fall  in  a  quarter  of  a  mile,  and  Taylor's 
shoals  have  a  5-foot  fall  within  a  few  hundred  yards. 

The  elevations  in  the  following  lists  are  based  upon  an  aluminum 
tablet  at  the  Washington  street  entrance  of  the  State  capitol  build- 
ing at  Atlanta  marked  ''  1050  M  C,^*  the  elevation  of  which  is  accepted 
as  1,049.546  feet  above  mean  sea  level.  The  leveling  on  South  and 
Ocmulgee  rivers  is  adjusted. to  accord  with  elevations  of  precise  level 
bench  marks  at  Constitution,  Holton,  and  Macon,  Ga.,  by  the  1903 
adjustment. 

The  leveling  was  done  in  1903,  under  the  direction  of  F.  A.  Franck, 
field  assistant,  by  Joseph  Palmer,  level  man. 

Elevations  on  SouPi  River  from  ConstituHon  to  junction  unih  YeUow  River  (head  of  Ocmulgee 

River)  near  WorthviUe. 


Distanoo 
In  miles. 


Elevation 
in  feet. 


O.Q 

.0 

2 

2 

2.8 

2.8 

7 

7 
10 

12.6 
12.6 
16.3 

16.3 

20.6 
20.6 
23.6 
23.6 
25.3 
26.4 
26.4 


Constitution,  25  feet  south  of  Southern  Raihx)ad,  4  feet  east  of  sign- 
board, iron  fKwt  marked  "  847  Morehead  1898  " 

Surface  of  water 

Intrenchment  Creek,  mouth  of,  nail  in  root  of  black  gum 

Surface  of  water 

McNeals  Bridge,  nail  in  root  of  sycamore  tree 

Surface  of  water 

Kellers  Bridge,  north  end.,  iron  bolt 

Surface  of  water 

Shoal  Creek  bridge,  surface  of  water 

Flake's  mill,  nail  in  root  of  birch  tree 

Surface  of  water 

Flat  Shoal  Bridge,  south  side  of  river,  east  side  of  approach,  on  stone 
abutment 

Surface  of  water 

Foot  of  shoal 

Parkers  Bridge,  nail  in  root  of  sweet-gum  tree 

Surface  of  water 

Daniels  Bridge,  lower  side,  right  end  of,  point  of  stone  pier 

Surface  of  water 

Simms  Bridge,  surface  of  water 

Knight  Creek,  50  feet  above  mouth,  on  root  of  sycamore,  nail 

Surface  of  water 


847.006 

772 

773.77 

770 

769.57 

768 

751.92 

750 

737 

733.26 

728 

708.71 

698 

686 

678.76 

672 

667.97 

649 

635 

639.28 

629 
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EUvations  on  South  River  from  Congiiiution  to  junction  with  Yellow  River  (head  o/  Ocmulgee 
River)  near  WorthviUe — Continued. 


Distonce 
in  miles. 


31 
31 
36 
36 

41 

41  I 
43  i 
43.1 


45.3 

45.3  ! 
50.8  j 

50.8  I 
52.1  I 
52.1  I 


Elevation 
in  feet. 


Oglesbys  Bridge,  25  feet  above,  nail  in  root  of  oak  tree  . . 

Surface  of  water 

Peachstone  Falls,  nail  in  root  of  water  oak 

Peachstone  Shoals,  head  of,  surface  of  water 

Peachstone  Shoals,  foot  of,  surface  of  water 

Butler  Bridge,  30  feet  below,  nail  in  root  of  red-oak  tree. 

Surface  of  water 

Snapping  Shoals,  head  of,  surface  of  water 


Snapping  Shoals  Bridge,  40  feet  from  north  approach,  on  root  of  water 
oak 


Snapping  Shoals,  foot  of,  surface  of  tvater. 
Island  Shoals,  head  of,  surface  of  water  . . . 


Island  Shoals  Bridge,  near  south  approach  of,  nail  in  root  of  white  ' 
oak I 

Surface  of  water 

Manns  Bridge,  on  south  side  of  river,  20  feet  below,  nail  in  root  of 
hickory  tree 

Surface  of  water 

Yellow  River,  mouth  of,  opposite,  nail  in  root  of  pine  tree 

Surface  of  water 


622.02 

614 

605.71 

597 

589 

587.15 

569 

562 

559.66 

542 

536 

534.89 
525 

518.  49 
503 
506.94 
498 


Elevations  on  Ocmulgee  River  from  head,  at  junction  of  South  and  Yellow  rit^ers,  near  Worth- 

vUle,  to  Macon. 


Difitance 
in  miles. 


Elevation 
In  feet. 


0. 0     Yellow  River,  opposite  mouth  of,  nail  in  root  of  pine '  506.  94 

.0     Surface  of  water 498 

'  Alcovy  River,  opj)osite  mouth  of,  nail  in  root  of  large  white  oak 494. 27 

Surface  of  water '  484 


4. 1  '  Tusahaw  Creek,  mouth  of,  head  of  Lloyds  ShoaLs,  nail  in  root  of  water 
oak 


Pittmans  Ferry,  near  south  side  of,  nail  in  root  of  beech  tree. 
Surface  of  water 


4. 1  ]  Surface  of  water. 

6.  4  I  Lloyds  Shoals,  foot  of,  surface  of  water. 

7.4 

7.4 

7.9 

7,9 
9.2 
9.2 


Yellow  Water  Creek,  30  feet  above  mouth  of,  nail  in  root  of  hickory 
tree .*. . 


482.12 

472 

429 

434.96 

425 

433.97 


Surface  of  water 422 


Giles  Ferry,  nail  in  root  of  pine  tree. 
Surface  of  water 


430.01 
420 
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Elevations  on  Ocmulgee  River  from  heady  at  junction  of  South  and  YeUow  rivers^  near  Worth- 

vilUf  to  Macon — Continued. 


Distance 
in  miles. 


9.2 
10.7 
10.9 

10.9 
11.9 
11.9 
14.1 
14.1 
17.8 
17.8 
19.4 

19.4 
22.5 
22.5 
22.9 
22.9 
24.4 
24.4 
25.4 
25.9 
27.3 

27.3 
28.5 
28.5 
32.4 
32.4 
33.9 
33.9 
34.9 

35 
36.4 

36.4 
36.9 
36.9 
36.9 
37.9 
37.9 


Smiths  Shoals,  head  of,  surface  of  water 

Smiths  Shoals,  foot  of,  surface  of  water 

Smiths  Ferry,  on  south  side,  20  feet  above  landing,  nail  in  root  of  ash 
tree 

Surface  of  water 

Lemars  Shoals,  head  of,  surface  of  water 

Lemars  Shoals,  foot  of,  surface  of  water 

Goodmans  Ferry,  south  side  of  river,  nail  in  root  of  large  red  oak  tree. . . 

Surface  of  water 

Wards  Ferry,  south  side  of  river,  nail  in  root  of  water  oak 

Surface  of  water 


Elevation 
in  feet. 


Big  Sandy  Creek,  Southern  Railway  bridge  over,  4  feet  south  of  rail,  2 
feet  from  east  end  bridge,  point  on  stone  pier 

Surface  of  water 

Bridges  Ferry,  south  side  of  river,  nail  in  root  of  large  water  oak  tree. . . 

Surface  of  water 

South  bank  river,  10  feet  from  water,  nail  in  root  of  large  oak  tree 

Surface  of  water 

Towaliga  River,  south  bank  at  mouth  of,  nail  in  root  of  red  oak 

Surface  of  water 

Glovers  Shoals,  head  of,  surface  of  water 

Glovers  Shoals,  foot  of,  surface  of  water 

Glovers  Ferry,  10  feet  south  of  west  approach,  nail  in  root  of  beech 
tree 

Surface  of  water 

Mitchells  Ferry,  10  feet  south  of  west  end,  nail  in  root  of  red  oak  tree. . 

Surface  of  water 

25  feet  from  river,  opposite  milepost,  nail  in  root  of  thunderwood  tree. .  i 

Surface  of  water 1 

Danns  Ferry,  10  feet  south  of  west  end  of,  nail  in  root  of  ash  tree j 

Surface  of  water I 

Carstarphens  Shoals  and  dam,  head  of,  surface  of  water 

Foot  of  dam,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Rum  Creek,  north  abutment  west  end  of  Southern  Railway  bridge 


Surfai'e  of  water 

Popei?  Station,  in  front  of,  top  of  west  rail 

Popes  Ferry,  south  end  of,  nail  in  root  of  water  oak. 

Surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 
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420 

408 

410.44 

407 

406 

387 

400.74 

382 

392.69 

375 

399.45 

374 

382.82 

370 

388.15 

368 

379.34 

368 

366 

351 

361.10 

346 

361-74 

344 

340.79 

330 
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328 
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Elevations  on  Ocmvlgee  River  from  heady  at  junction  of  South  and  YeUow  rivers^  nenr  Worth- 

vHU.  to  Macon — Continued. 


Difltance 
in  miles. 


4L9 

41.9 
47.7 
47.7 
49.9 

49.9 
519 


Holton,  35  feet  north  of  station:  29  feet  west  of  center  of  track,  iron 
post  marked  "339  Morehead  1898" 

Surface  of  water 

Virgin,  west  rail  of  upper  switch  of  Southern  Railway  at 

Surface  of  water 

Macon  waterworks,  just  below,  30  feet  east  of  track,  100  feet  below 
mouth  of  small  creek  on  south  side  of  river,  nail  in  root  of  pine  tree 

Surface  of  water 

Macon,  post-office  building,  at  comer  of  Mulberry  and  Third  streets, 
at  left  of  Mulberry  street  entrance,  in  water  table,  aluminum  tablet 
marked  '334  Morehead  1898" 


Elevation 
in  feet. 


338.733 
299 
322.62 
282 

301.88 
278 

333.942 


YELLOW  RIVER  BELOW  YELLOW  RIVER,  GA. 

Yellow  River  was  surveyed  from  its  mouth,  near  Worthville,  Ga., 
upstream  to  Simmons's  mill,  near  Yellow  River,  Ga.,  a  distance  of 
57  miles.  The  scale  upon  which  the  field  work  is  plotted  is  1 :  22,500. 
During  the  course  of  the  survey  54  bench  marks  were  established 
and  103  water-surface  elevations  obtained. 

Yellow  River  flows  in  a  southeasterly  direction  and  contains  some 
valuable  power  sites,  both  developed  and  in  a  natural  condition. 
One-half  mile  above  its  mouth  are  the  Indian  Fishery  Shoals,  where 
there  is  a  fall  of  12  feet  in  about  200  feet.  The  river  is  here  about 
300  feet  wide,  but  a  narrow  neck  projecting  just  below  the  shoals 
and  several  rocky  islands  considerably  reduce  the  probable  expense 
of  construction.  There  is  a  gristmill  and  a  cotton  gin  in  operation 
here,  using  perhaps  nine-tenths  of  the  available  power. 

For  18  miles  above  the  river  runs  between  high  banks,  alternating 
with  low  bottoms  to  Langdon  Shoals,  without  any  marked  shoals 
except  at  Lees,  where  there  is  a  fall  of  2J  feet,  and  Flat  Shoals,  with 
a  1-foot  fall.     Langdon  Shoals  have  only  a  4-foot  fall. 

Three  miles  above,  at  Porterdale,  is  the  finest  power  site  on  the 
river,  where  extensive  developments  have  been  made  by  the  Bibb 
Manufacturing  Company,  which  has  a  large  cotton  and  twine  factory 
at  this  point.  Here  there  is  a  fall  of  67  feet  in  half  a  mile,  with  a 
12-foot  dam  at  the  upper  end  of  the  shoal.  The  banks  at  the  foot 
are  very  high,  but  gradually  become  lower  until  just  above  the  dam 
large  bottoms  begin  and  continue  for  5  miles.  Five  miles  above 
the  Georgia  Railroad  is  the  next  power,  McDaniels  Shoals,  where 
there  is  a  7-foot  fall  in  a  very  short  distance,  and  a  6-foot  dam  operat- 
ing a  gristmiU.     The  north  bank  is  sohd  rock,  sloping  gently,  but 
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the  south  bank  shows  no  outcrop.  The  power  developed  by  this 
dam  could  be  much  increased  with  small  cost. 

Above  this  point  the  bottoms  become  narrower  and  the  river 
banks  more  rugged  and  higher  until  at  Milstead,  Ga.,  4^  miles  above, 
there  is  a  fall  of  45  feet  in  half  a  mile.  A  15-foot  dam,  with  canal, 
is  completed  here,  and  two  large  cotton  factories  are  being  constructed. 
Railroad  facilities  have  recently  made  this  a  valuable  site  for  mills, 
and  a  large  granite  quarry  has  been  opened  up  at  the  same  point. 

Eleven  miles  above  are  Anniestown  Shoals,  with  a  23-foot  fall, 
where  there  is  an  11 -foot  dam,  which  formerly  suppUed  power  used 
to  operate  a  cotton  mill  of  the  old  type.  The  banks  here  are  all 
hard,  unseamed  rock,  and  the  site  could  be  developed  into  valuable 
property. 

Two  and  one-half  miles  above  are  some  shoals  with  a  14-foot  fall  in 
half  a  mile.     The  power  is  undeveloped,  but  is  in  a  rather  inaccessible 
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PiQ.  7.— Profile  of  Yellow  River  below  Yellow  River,  Ga. 

section  of  the  country.  Above  this  point  the  river  flows  through  a 
very  rough  country  for  10  miles,  passing  no  important  shoals  until 
the  next  power  is  reached,  at  Yellow  River,  Ga.,  the  end  of  the 
survey.  Here  is  a  dam  7.3  feet  high,  which  operates  the  Simmons 
roller  mills.  The  lower  reaches  of  the  river  are  thickly  settled,  cot- 
ton and  grain  being  the  principal  crops,  but  the  upper  part  of  the 
river  is  almost  entirely  in  timber  land. 

The  elevations  in  the  following  list  are  based  on  an  aluminum 
tablet  at  the  Washington  street  entrance  of  the  State  capitol  build- 
ing at  Atlanta,  marked  "1,050  M  C,''  the  elevation  of  which  is 
accepted  as  1,049.546  feet  above  mean  sea  level.  The  initial  point 
of  this  list  is  a  bench  mark  of  flying  levels  on  Ocmulgee  River. 

The  leveUng  was  done  in  1903,  under  the  direction  of  F.  A.  Franck, 
field  assistant,  by  Joseph  Palmer,  levelman. 
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Diatance 
in  miles. 


£levation 
in  feet. 


0.0 

.0 

.5 

.5 

.0 

2.5 

2.5 

4.7 

4.7 

6.2 

6.2 

10.7 

10.7 

13.8 

13.8 

16.9 
16.9 


17.7 

17.7 
17.7 

20.8 

20.8 

22.8 

22.8 

23 

23 

24.3 

26 

26 

28.2 

28.2 

30.5 
30.5 


YeUow  River,  mouth  of,  opposite,  nail  in  root  of  pine  tree 

Surface  of  water 

Lidian  Fishery  Shoals,  10  feet  of  from  water,  nail  in  root  of  ash  tree. . 

Foot  of  shoals,  surface  of  water 

Head  of  Indian  Fishery  Shoals,  surface  of  water 

Aliens  bridge,  east  bank,  20  feet  from  river,  nail  in  root  of  maple  tree. 

Surface  of  water 

Lees  Shoals,  foot  of,  west  bank,  nail  in  root  of  ash  tree 

Surface  of  water 

Lees  Shoals,  head  of,  surface  of  water 

Pickett  Bridge,  on  east  bank,  nail  in  root  of  white  oak 

Surface  of  water 

Flat  Shoal  Bridge,  west  bank,  nail  in  root  of  white  oak 

Surface  of  water 


Langdons  Shoals,  west  bank,  15  feet  from  river,  nail  in  root  of  white 
ode , 


Surface  of  water 

Langdons  Shoals,  head  of,  surface  of  water 

Porterdale  Shoals,  foot  of,  10  feet  from  river,  west  bank,  nail  in  root 
of  white  oak 

Surface  of  water 

Porterdale  dam,  foot  of,  surface  of  water , 

Porterdale  dam,  head  of,  surface  of  water 


Porterdale,  30  feet  from  dam,  20  feet  from  south  approach,  nail  in 
root  of  white  oak , 

Surface  of  water 


Wacon  bridge,  east  side  of  river,  at  extreme  south  end  of  bridge,  top 
of  steel  post  of  railing 


Browns  Bridge, 60  feet  above,  10  feet  from  river,  on  root  of  gum  tree. 

Surface  of  water 

Tin  Bridge,  on  west  bank  river,  nail  in  root  of  poplar  tree 

Surface  of  water 

Greorgia  Railroad  bridge,  west  side  of  river,  on  top  of  rock,  chisel  mark. 

Surface  of  water*. , 

Hendricks  Bridge,  north  bank  of  river,  nail  in  root  of  water  oak  . . . 

Haynes  Creek,  opposite  mouth  of,  nail  in  root  of  water  oak 

Surface  of  water , 

McDanicls  Bridge,  west  bank  of  river,  nail  in  root  of  large  water  oak, 

Surface  of  water 

McDaniels  dam,  head  of,  surface  of  water 

West  side  of  river,  Pine  Log  Bridge,  10  feet  below,  nail  in  root  of  pine 
Surface  of  water 


506.94 

500 

517.24 

504 

516 

528.49 

517 

528.49 

520 

523 

539.23 

526 

551.24 

534 

549.69 

539 

543 

561.05 
M9 
604 
616 

618.38 
616 

627.81 

622.81 

611.6 

627.49 

617 

642.05 

617 

639.11 

632.26 

624.6 

644.17 

632 

641 

650.65 

641 
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ElevatioM  on  Yellow  River  from   mouth   near  WorthmUe  to   Yellow  River,  6a- 

CJontinued. 


Distance 
in  miles. 


32.2 

32.2 

32.8 

32.8 

33 

33 

33 

33 
35.4 

35.  4 
36.6 
36.5 
39.4 
39.4 
40.2 
40.3 
40.8 
40.9 
40.9 
40.9 
41.3 

41.9 

41.9 

42.4 

42.4 

43.2 

43.2 

44 

44 

45.5 

45.5 


47.2 
48.6 


Botoflh  Croek,  100  yards  above  mouth  of,  left  bank  of  river,  nail  in 
root  of  pine 

Surface  of  water 

Foot  of  Milstead  Shoals,  west  bank,  nail  in  pine  tree 

Surface  of  water 

Milste^,  foot  of  dam,  surface  of  water 

Milste^,  top  of  dam,  surface  of  water 

40  feet  above  wagon  bridge,  on  south  side  of  river,  nail  in  root  of  large 
white  oak 

Surface  of  water 

Irvins  Bridge,  20  feet  above,  left  bank  of  river,  nail  in  root  of  hickory- 
tree 

Surface  of  water 

Right  bank,  nail  in  root  of  water  oak 

Surface  of  water 

Johnsons  Bridge,  east  end  of,  top  of  bolt 

Surface  of  water 

Surface  of  water 

Surface  of  water 

Surface  of  water 

Surface  of  water 

Old  dam,  west  side,  on  point  in  stone  masonry 

Surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Opposite  shoals,  right  bank,  20  feet  from  stream,  nail  in  root  of  white 
oak 

Surface  of  water 

Mountain  Creek,  opposite,  nail  in  root  of  white  oak 

Surface  of  water 

Rock  Bridge,  on  left  bank,  top  of  stone  pier  of 

Surface  of  water 

West  bank,  10  feet  from  river,  nail  in  root  of  ash  tree 

Surface  of  water 

Opposite  foot  of  shoals,  nail  in  root  of  hickory  tree 

Surface  of  water 

Anniestown  Shoals,  foot  of,  surface  of  water 

Anniostown  dam,  foot  of,  surface  of  water 

Head  of  dam,  surface  of  water 


Elevation 
in  feet. 


Anniostown,  east  bank  of  Haydens  Branch,  nail  in  root  of   lai^ge 
birch  tree 


Old  mill,  on  large  rock  opposite,  chisel  mark. 


653.96 

644 

657.41 

647 

677 

692 

701.33 
692 

697.83 

692 

700.62 

694 

717.  .'a 

702 

705 

707 

709 

711 

722.88 

712 

714 

715 

730.91 

715 

727.91 

720 

740.60 

724 

72a  48 

727 

748-83 

729 

737 

760 

771 

777.64 

788.55 
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Elevations  on  Yellow  River  from  mouth  near  WorthviHe  to  Yellow  River,  Ga.- 

Continued. 


Distance 
in  miles. 


Elevation 
in  feet. 


48.6 

50.5 
50.5 
51.7 
51.7 


53 
53 
54 
55 
55 
55.7 


Surface  of  water 

Head  of  shoals,  surface  of  water 

Sextons  Bridge,  on  stone  pier  at,  top  of  iron  bolt 

Surface  of  water 

Opposite  shoals,  nail  in  root  of  pine 

Surface  of  water - 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Head  of  shoals,  nail  in  root  of  hickory  tree 

Surface  of  water 

Surface  of  water 

Yellow  River  Bridge,  left  bank,  nail  in  root  of  oak 

Surface  of  water 

Yellow  River,  east  bank,  100  yardsa  bove  Simmons's  mill,  nail  in  root 
of  large  water  oak 

Simmons's  mill,  below  dam,  surface  of  water 

Simmons's  mill,  head  of  dam,  surface  of  water 


772 

786 

809.94 

791 

808.42 

793 

797 

802 

818. 17 

804 

807 

825.41 

815 

834.86 

819 

826 


ALCOVY  RIVER  BELOW  DABNEY'S  BRIDGE,  GEORGIA. 

In  connection  with  this  survey  17  bench  marks  were  established 
and  26  water  elevations  were  recorded.  The  total  fall  in  the  distance 
surveyed  is  231  feet,  but  at  only  two  points,  namely,  White  and 
Factory  shoals  and  Henderson  Shoals,  is  the  fall  considerable.  The 
remainder  of  the  river  is  mostly  sluggish,  and  tree  trunks,  driftwood, 
and  other  debris  greatly  retard  the  flow,  so  that  during  the  rainy 
season  the  river  is  slow  to  discharge,  causing  the  water  to  rise  higher 
or  spread  out  wider  than  is  usually  the  case  with  rivers  in  this  section 
of  Georgia.  The  average  width  of  the  river  is  about  125  feet,  except 
where  shoals  occur,  at  which  points  it  sometimes  widens  to  300  feet. 
Very  wide  and  low  bottom  lands  are  on  each  side  for  the  first  7  miles 
upstream  from  its  mouth.  Then  the  topography  suddenly  changes 
and  is  much  more  abrupt  and  broken  for  several  miles. 

At  the  mouth  of  Bear  Creek,  which  enters  from  the  east  8  miles 
above  the  mouth  of  the  Alcovy,  is  the  beginning  of  White  and  Factory 
shoals,  which  form  one  continuous  series  with  a  fall  of  83  feet  in  one- 
half  mile.  Here  the  river  is  in  a  gorge  300  feet  wide,  with  banks 
over  100  feet  high  at  several  places,  and  midway  of  this  shoal  is 
an  excellent  site  for  a  dam.  Granite,  apparently  free  from  seams. 
Is  exposed  at  the  surface  on  both  sides  of  the  river,  while  the  river 
bed  itself  is  solid  rock.     A  dam   at  this  point  would  be  approxi- 
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mately  250  feet  long.  At  the  upper  end  of  the  shoals  is  another 
good  site  with  the  same  character  of  bottom.  A  dam  would  have 
to  be  about  325  feet  in  length,  and  a  large  volume  of  water  could  be 
stored  through  the  dry  season,  as  the  valley  widens  just  above  .the 
dam  site.  A  dam  at  either  site  would  require  a  canal  from  the 
dam  to  the  foot  of  the  shoals.  An  old  com  mill  at  this  point  uses 
a  small  wooden  dam  to  divert  the  water  into  its  flumes.  Many 
years  ago  a  large  cotton  factory  stood  on  this  site,  but  it  was  burned 
and  never  rebuilt. 

Six  miles  above  these  shoals  are  Henderson  Shoals,  with  a  fall  of  2 
feet.  A  6-foot  dam  has  been  erected  here  to  supply  power  for  a 
large  gristmiU,  the  back  water  from  which  extends  to  Dabney's 
bridge,  4  miles  above. 


1,500 


omiw  5 


10         15  20  25         30  :J5         40         45  50 

Fio.  8.— Profile  of  Akx>yy  River  below  Daboey's  bridge,  Georgia. 
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The  construction  of  dams  at  any  other  points  than  those  described 
would  result  in  the  sacrifice  of  much  valuable  bottom  land. 

The  soil  is  very  fertile,  and  splendid  crops  of  cotton  on  the  high 
lands  and  com  in  the  bottoms  are  grown  on  both  sides  of  the  river. 
With  better  drainage,  however,  a  much  larger  amount  of  land  could 
be  reclaimed  and  made  valuable  for  cultivation. 

The  elevations  in  the  following  list  are  based  upon  an  aluminum 
tablet  at  the  Washington  street  entrance  of  the  State  capitol  building 
at  Atlanta  marked  ''  1050  M  C,'*  the  elevation  of  which  is  accepted 
as  1,049.546  feet  above  mean  sea  level,  as  determined  by  the  1903 
adjustment.  The  initial  point  of  this  list  is  a  bench  mark  of  flying 
levels  on  Ocmulgee  River. 

The  leveling  was  done  in  1903,  under  the  direction  of  F.  A. 
Franck,  field  assistant,  by  Joseph  Palmer,  levelman. 
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Elevations  on  Alcovy  River y  from  mtmth,  near  WortkviUe,  to  Dahney's  hridge^  near  StarrsviUe. 


Distance 
in  miles. 


0.0 

.0 
1 
1 
2 
2 

3.9 
3.9 
4.9 
4.9 
6.9 
.5.9 
6.3 
6.3 
6.4 
8.2 

8.2 

9 
9.2 

9.2 
9.2 
9.8 
9.8 
10 

10.8 
10.8 
11.5 
11.55 
12.3 
12.3 
13 
13 

13.3 
14 
14 
15 

15 


Elevation 
in  feet. 


Alcoyy  River,  mouth  of,  opposite,  on  west  bank  of  Ocmulgee  River, 
nail  in  root  of  white  oak 


Surface  of  water 

Right  bank  of  river,  nail  in  root  of  ash  tree 

Surface  of  water 

E^t  bank  of  river,  near  water,  nail  in  root  of  ash  tree 

Surface  of  water 

Waters*8  bridge,  spike  in  northeast  comer 

Surface  of  water 

West  side  of  river,  near  water,  nail  in  root  of  ash  tree 

Surface  of  water 

Left  bank  of  river,  nail  in  root  of  birch  tree 

Surface  of  water 

Mackey  Shoals,  opposite  foot  of,  on  left  bank,  nail  in  root  of  ash  tree. . 

Mackey  Shoals,  foot  of,  surface  of  water 

Mackey  Shoals,  head  of,  surface  of  water 

Mackey  Second  Shoals,  opposite  foot  of,  left  bank,  nail  in  root  oi  birch 
tree 


Mackey  Second  Shoals,  foot  of,  surface  of  water 

Mackey  Second  Shoals,  head  of,  surface  of  water 

Newton  Factory  Shoals,  foot  of,  surface  of  water 

Dam  at  White's  mill,  on  Newton  Factory  Shoals,  opposite,  nail  in  root 
of  black  gum 

Dam,  foot  of,  surface  of  water 

Dam,  top  of,  surface  of  water 

Newton  Factory  Bridge,  on  lower  end  of,  on  nut,  top  of  bolt 

Surface  of  water 

Newton  Factory  Shoals,  head  of,  surface  of  water , 

Left  bank  of  river,  nail  in  root  of  red-K>ak  tree , 

!  Surface  of  water 

i  Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

'  Left  bank  of  river,  nail  in  root  of  water  oak 

'  Surface  of  water 

I  West  bank,  opposite  shoals,  nail  in  root  of  large  beech  tree 

.  Surface  of  water 

East  bank  river,  nail  in  sweet-gum  tree 

Left  bank  river,  nail  in  root  of  water  oak 

Surface  of  water 


Henderson's  bridge  and  mill,  right  bank  of  river,  near  end  of  bridge, 
nail  in  root  of  post  oak 

Surface  of  water 


494.27 

484 

493.73 

487 

498.40 

492 

606.55 

493 

505.37 

497 

505.51 

500 

512.77 

502 

504 

518.50 
505 
508 
509 

562.86 

553 

558 

592.81 

582 

592 

619.86 

593 

594 

596 

604.59 

597 

604.88 

598 

612.85 

620.76 

602 

618.99 
604 
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Elevations  on  Alcovy  Rivery  from  motUh,  near  WorthvilUf  to  Dabney'a  hridgty  near  Starrs- 

vUle — Continued. 


Difltance  , 
in  miles. 


Elevation 
in  feet. 


15  Henderson's  mill,  foot  of  dam,  surface  of  water 607 

15  Ilendersoii's  mill,  head  of  dam,  surface  of  water 613 

18.  3       Dabney's  bridge,  west  side  of  river,  near  end  of,  nail  in  root  of  water 

oak  (raised  cut  with  hatchet ) 627. 22 

18. 3       Surface  of  water '  615 


TOWALIGA  RIVER   BELOW    HIGHFALLS,  GA. 

Towaliga  River  was  surveyed  from  its  mouth,  near  Bemer,  Ga., 
to  Highfalls,  Ga.,  a  distance  of  21.7  miles.  The  levels  are  based  on 
a  line  carried  down  South  and  Ocmulgee  rivers  from  Constitution 
earher  in  the  season.  The  plane-table  sheets  were  all  plotted  on  the 
scale  of  1 :  22,500.  Twelve  bench  marks  were  established  and  23 
water-surface  elevations  were  determined. 

Towaliga  River  flows  in  a  southeasterly  direction  and  empties  into 
Ocmulgee  River.  In  the  distance  surveyed  there  is  a  fall  of  194  teet, 
but  with  the  exception  of  Highfalls  there  are  few  shoals  or  rapids. 
For  21  miles  above  its  mouth  the  stream  does  not  average  more  than 
50  feet  in  width,  and  is  very  shallow.     It  is  swift  and  has  a  clean  bed. 

At  Highfalls  there  is  a  drop  of  95  feet  in  a  distance  of  3,000  feet, 
in  the  middle  of  which  there  is  a  sudden  drop  of  42  feet,  known  as  the 
Highfalls.  Tliis  is  an  excellent  dam  site,  for,  although  during  the 
normal  stage  of  water  the  volume  is  small,  there  are  splendid  facilities 
to  store  the  water  above,  as  the  bottom  is  widened  out  into  a  natural 
basin.  A  flour  mill  has  been  in  operation  here  for  over  one  hundred 
years,  but  it  uses  only  a  trifling  part  of  the  power.  It  is  now  proposed 
to  erect  a  25-foot  dam  at  this  point  to  supply  electric  power  for  a 
railway  to  Indian  Springs,  Ga.,  a  summer  resort  8  miles  from  High- 
falls,  and  also  for  lighting  the  town  of  Forsythe,  14  mUes  to  the 
southwest.  Property  for  6  miles  above  the  falls  has  been  purchased 
for  a  storage  basin.  Between  Highfalls  and  the  mouth  of  the  river 
there  are  good  bottom  lands,  but  the  country  is  thinly  settled  and 
most  of  it  is  still  in  timber.  The  principal  crops  are  cotton  and 
com. 

The  elevations  in  the  following  list  are  based  upon  an  aluminum 
tablet  at  the  Washington  street  entrance  of  the  State  capitol  building 
at  Atlanta,  marked  *'  1050  M  C,'*  the  elevation  of  which  is  accepted 
as  1,049.546  feet  above  mean  sea  level,  as  determined  by  the  1903 
adjustment.  The  initial  point  of  this  list  is  a  bench  mark  of  flying 
levels  on  Ocmulgee  River.  - 
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The   leveling   was  done  in  1903,  under   the   direction   of  F.  A. 
Franck,  field  assistant,  by  Joseph  Palmer,  levelman. 

n750 


0  Miles 


Distance 
in  miles. 


5  10  15  20 

Fio.  9.— Profile  of  Towaliga  below  Highfalls,  Oa. 

Elevations  on  Towaliga  River  from  mouth ,  near  Bemer,  to  UighfaUs. 


0.0 


1  Elevation 
infect. 


Towaliga  River,  mouth  of,  on  south  side  between  railroad  track  and 
river,  nail  in  root  of  water  oak 


379.34 
367 

381.99 
371 


.  0  Surface  of  water. 

1. 7  Laroars  Bridge,  near  east  end  of,  nail  in  root  of  beech  tree. 

1. 7  Surface  of  water. 

2. 2     Small  creek  on  west  bank,  mouth  of,  nail  in  root  of  ash  tree 377. 38 

2. 2     Surface  of  water 373 

3. 7     Surface  of  water 376 

4         West  bank,  50  feet  from  river,  nail  in  root  of  large  pine  tree 412.  45 

4         Surface  of  water 379 

4.6  '  Surf  ace  of  water 382 

6  Hunting  Shoal  Bridge,  stone  pier,  on  north  end  of  bridge,  iron  bolt . .  412. 80 

6  Surface  of  water 386 

7  North  bank,  10  feet  from  river,  twin  water  oak,  nail  in  root  of 399.  49 

7      I  Surface  of  water 393 
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Elevations  an  Towtdiga  River  from  numUif  near  Bemer,  to  HighjaUe — ContiDued 


Distance 
in  miles. 


8.8 

8.8 

9.5 

10.5 

10.5 
11.8 
11.8 
12.3 
12.3 
13.3 

13.3 

14 

14.1 

15 

15.1 

15 

15.5 

15.6 

16 

16 

16.1 

17.4 

17.4 

17.5 

17.5 

18 

18 

18.5 

.0 
18.7 

.0 
19.2 
21.2 
21.2 
21.2 
21.3 
21.3 

21.7 
.0 


Elevation 
in  feet. 


Jacksons  Bridge,  west  bank  of  river»  large  poplar  tree,  nail  in  root  of. 

Surface  of  water 

Surface  of  water 

West  bank  of  river,  creek,  100  yards  above  mouth  of,  10  feet  from 
river,  nail  in  root  of  pine  tree 

Surface  of  water. 

Wilsons  Bridge,  10  feet  below  east  approach,  nail  in  root  of  water  oak. 

Surface  of  water 

West  bank,  on  water  oak 

Surface  of  water 

North  and  South  forks  of  North  Fork,  100  yards  above  junction  of, 
nail  in  root  of  birch  tree 

Surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Opposite  shoals,  north  bank,  nail  in  root  of  birch  tree 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Morans  Bridge,  on  north  bank,  20  feet  east  of,  nail  in  root  of  white  oak 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Opposite  shoals,  nail  in  root  of  willow 

Surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Tobes  Creek,  mouth  of,  nail  in  root  of  pine 

Surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Small  shoals,  surface  of  water 

Head  of  small  shoals,  surface  of  water 

Branch,  south  bank,  20  feet  above  mouth  of,  nail  in  root  of  birch  tree . . 

Long  shoals,  foot  of,  south  bank,  nail  in  white  oak  tree 

Surface  of  water '. . . 

Highfalls  Shoals,  foot  of,  surface  of  water 

Highfalls,  head  of  Highfalls  Shoals,  surface  of  water 

Highfalls,  wagon  bridge  over  Towiliga  River,  west  side  north  ap- 
proach to,  top  of  iron  bolt 

Old  dam,  opposite,  head  of  long  shoals,  surface  of  water 

Highfalls,  high-water  mark 


409.84 

395 

377 

416. 15 

400 

421.06 

406 

431.01 

410 

416.93 

414 

418 

421 

4^ 

428 

432.23 

429 

4^4 

443.61 

437 

439 

449.74 

443 

446 

450 

457.48 

452 

452 

454 

455 

457 

462.60 

474.31 

466 

492 

524 

563.32 

561 

561 
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CHATTAHOOCHEE  RIVER  FROM  CHESTATEE  TO  SAUTEE,  GA. 

A  survey  of  the  upper  Chattahoochee  River  between  Chestatee 
and  Sautee,  Ga.,  a  distance  of  55  miles,  was  made  during  July  and 
August,  1903.  Between  these  two  points  a  fall  of  387  feet  was 
found,  the  greater  part  of  which  is  above  the  mouth  of  Soque  River. 
During  the  survey  25  bench  marks  were  established  and  90  water- 
surface  elevations  determined.  The  plane-table  sheets  were  plotted 
on  a  scale  of  1 :  22,500.  The  original  elevations  for  the  levels  were 
based  upon  an  assumed  elevation  near  Gainesville,  Ga.,  but,  as 
published  herein,  they  have  been  reduced  to  mean  sea  level. 

Above  the  mouth  of  Chestatee  River  for  10  miles  are  a  number  of 
small  shoals  aggregating  a  fall  of  28  feet.  Ten  miles  above  the  mouth 
of  the  Chestatee,  Little  River  empties  from  the  north,  and  at  this  point 
are  the  first  good  shoals,  where  there  is  a  fall  of  7  feet  in  a  distance 
of  300  yards.  A  quarter  of  a  mile  above  this  p)oint  the  North  Georgia 
Electric  Company  is  constructing  a  dam  36  feet  high,  which  is  to 
supply  electric  power.  The  backwater  from  this  dam  will  extend 
8  miles  upstream,  to  just  above  Clarks  Bridge.  One  half  mile  above 
this  point  is  a  shoal  having  a  9-foot  fall  in  half  a  mile. 

Just  above  this  shoal  are  Reynolds  Shoals,  with  a  fall  of  6  feet  in 
250  yards.  There  is  a  good  power  site  at  this  point,  as  the  banks 
and  bottom  are  hard  rock.  From  here  to  Mud  Creek,  3  miles,  there 
is  a  uniformly  distributed  fall  of  15  feet,  while  just  above  the  mouth 
of  Mud  Creek  there  is  a  good  dam  site.  A  dam  here  would  be  about 
300  feet  long,  but  the  height  could  be  40  to  50  feet  or  more,  if  desired. 

The  next  shoal  of  importance  is  Mountain  Island  Shoal.  It  gives 
a  fall  of  8  feet  in  half  a  mile.  Here  the  river  flows  around  the  island 
between  banks  100  feet  high.  A  dam  at  the  lower  end  would  be 
300  feet  long.  Perkins  Shoals  come  next,  2  miles  upstream,  with 
a  fall  of  6  feet,  and  just  above  them  is  a  shoal  with  a  7-foot  fall. 
These  could  be  used  together. 

From  here  to  the  mouth  of  Soque  River  is  a  uniform  fall  of  11 
feet,  and  just  above  the  mouth  of  the  Soque  there  is  a  fall  of  8  feet 
in  650  feet.  For  the  next  3  miles  there  is  a  continuous  succession  of 
shoals,  with  a  fall  of  74  feet.  The  river  flows  in  a  narrow  gorge 
of  hard,  unseamed  rock,  and  at  several  points  dams  could  easily  be 
constructed.  Above  this  point  the  river  narrows  very  greatly,  and 
is  full  of  small  shoals  as  far  as  Nacoochee  Valley.  From  the  valley 
to  the  end  of  the  survey  there  are  no  falls  or  shoals. 

Nacoochee  Valley  is  very  fertile  and  grain  and  grasses  are  raised. 
A  large  quantity  of  timber  is  still  standing  along  the  river,  especially 
in  the  upper  half  of  the  valley. 

The  elevations  in  the  following  list  are  based  up>on  an  aluminum 
tablet  at  Nacoochee,  marked  **  1349  Atlanta,''  in  a  ledge  of  rock  200 
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[NO.  115. 


feet  west  of  ford  of  Chattahoochee  River,  the  elevation  of  which  is 
now  accepted  as  1,348.269  feet  above  mean  sea  level. 

The  adjustment  of  this  Une  was  accomplished  in  conjunction  with 
leveUng  on  Chestatee  and  Soque  rivers,  tied  at  Willow  and  Clarks- 
ville,  respectively,  and  by  an  extra  check  at  Pole  to  primary-level 
circuits,  and  accords  with  the  1903  adjustment  of  the  precise-level  net. 

The  leveling  was  done  in  1903,  under  the  direction  of  F.  A.  Franck, 
field  assistant,  by  Joseph  Palmer,  levelman. 
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Fio.  10.— Profile  of  Chattahoochee  River  from  Nacoochee  to  junction  with  Chestatee  River,  Ga. 

Elevations  on  Chattahoochee  River  from  Keith^s  bridge,  at  movih  of  Chestatee  River y  to  Nacoochee. 


Distance 
in  miles. 


0.0 

.0 

.0 

.0 

1.7 

3.7 

3.7 


Near  Keith's  bridge,  mouth  of  Chestatee  River,  on  nail  in  root  of 
wahiut  tree 


Surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

On  nail  in  root  of  walnut  tree,  north  bank  of  river 

Foot  of  shoals,  surface  of  water i      960 

Head  of  shoals,  surface  of  water I      963 


Elevation 
in  feet. 


964.37 

950 

950 

956 

989.71 
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Elevations  on  Chattahoochee  River  from  Keith's  bridge^  at  mouth  of  Chesiatee  River,  to  Nacoo- 

ehee — Continued. 


Distance 
in  miles.  I 


5,7 


5.7 

6.2 

6.8 

6.8 

6.8 

7.3 

8.3 

8.3 

9.4 

9.4 

10 

10 

11 

12.2 

12.2 
13.2 
13.2 
13.9 

16.2 
16.2 
17.2 

17.2 

19.2 
19.2 
19.5 

21.2 
21.2 
22.2 
22.2 
23.9 
23.9 


SmaH  shoals,  edge  of  public  road  opposite,  nail  in  root  of  large  wal- 
nut tree 

Small  shoals,  surface  of  water 

Surface  of  water 

Iron  bridge,  nail  in  root  of  large  walnut  tree 

Surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Thompson  Bridge,  nail  in  root  of  large  walnut  tree 

Surface  of  water 

Little  River,  mouth  of,  foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

North  Georgia  Electric  Company's  new  dam,  100  yards  below,  north 
side  of  bluff,  nail  in  root  of  white  oak 

Surface  of  water v 

Chattahoochee  Park,  on  east  side  and  at  sharp  bend  of  river,  nail  in 
birch  tree 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

New  Bridge,  near  Gainesville,  near  small  store  building,  large  oak 
tree,  sp&e  in  root  of 

Surface  of  water 

South  bank  of  river,  6  feet  from  water,  willow  tree,  nail  in  root  of . . . 

Surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Clarks  Bridge,  east  side  of  river,  large  maple  tree,  nail  in  root  of 

Surface  of  water 

Small  bluff,  north  side  of  river,  poplar  tree,  nail  in  root  of 

Surface  of  water 

Head  of  shoals,  surface  of  water 

Red  oak  tree,  nail  in  root  of 

Foot  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Savage  Ferry,  nail  in  notch  of  oak  post 

Surface  of  water 

Left  bank  of  river,  nail  in  root  of  birch  tree 

Surface  of  water 

North  bank  of  river,  nail  in  root  of  water-oak  tree 

Surface  of  water 


Elevation 
in  feet. 


985.61 

965 

966 

980.26 

967 

967 

972 

998.36 

977 

978 

QSiA 

1,004.04 


1,004.27 

996 
1,010 

1,028.32 

1,011 

1,014.94 

1,012 

1,012 

1,014 

1,039.81 

1,017 

1,045.27 

1,020 

1,024 

1,043.29 

1,025 

1,028 

1,332 

1,051.30 

1,034 

1,050.46 

1,037 

1,046.76 

1,038 
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Elevations  on  Chattahoochee  River  Irom  Keith^s  bridge,  at  mouth  of  Chestaiee  River,  to  Naeoo- 

chee — CoDtinued. 


Distance  . 
In  miles. 


23.9 
24.9 


25.6 
25.6 
26.5 

26.5 
28.8 

29.8 

29.8 
31.8 
31.8 
31.9 
32.6 
32.6 


33.1 
33.1 
33.2 
34.1 
34.1 

34.2 

34.5 
35.2 
35.2 
35.2 
35.2 

37.3 

37.4 

38.2 
38.2 


Head  of  shoals,  surface  of  water 

Seven  Island  shoals,  opposite  foot  of,  lai^ge  poplar  tree,  nail  in  root  of. 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Flat  Creek,  1  mile  above  mouth  of,  nail  in  root  of  poplar  tree 

Surface  of  water , 

Lulu  bridge,  60  feet  below,  on  north  bank  of  river,  red  oak  tree,  nail 
in  root  of 

Surface  of  water 

Walnut  tree  in  large  open  bottom,  left  bank  of  river,  nail  in  root  of.. 

Surface  of  water 

100  yards  below,  right  bank  of  river,  walnut  tree,  nail 


Belton  bri 
in  root  ol 

Surface  of  water 

Right  bank  of  river,  pine  tree,  nail  in  root  of 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Nail  in  root  of  birch  tree 

Surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Head  of  shoals,  on  side  of  bluff,  lai^  pine,  opposite,  nail  in  root  of. . 

Surface  of  water 

Harrisons  Shoals,  foot  of,  surface  of  water 

Harrisons  Shoals,  opposite,  nail  in  root  of  oak  tree 

Harrisons  Shoals,  surface  of  water 

Harrisons  Shoals,  head  of,  mouth  of  Mossy  Creek,  surface  of  water. . 

Mountain  Island  Shoals,  foot  of,  surface  of  water 

Head  of  shoals,  surface  of  water 

Head  of  shoals,  opposite,  nail  in  root  of  white  oak 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Perkins  Shoals,  opposite  foot  of,  nail  in  root  of  water  oak 

Perkins  Shoals,  foot  of,  surface  of  water 

Perkins  Shoals,  head  of,  surface  of  water - 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Head  of  shoals,  north  bank  of  river,  opposite,  nail  in  root  of  black- 
gum  tree 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 


Elevation 
inleet. 

1,040 

1,066.94 

1,040 

1,044 

1,045.84 

1,045 

1,065.68 

1,049 

1,076.23 

1,053 

1,076 

1,056 

1,092.99 

1,061 

1,069 

1,086.79 

1,070 

1,071 

1,073 

1,092.83 

1,082 

1,084 

1,101.70 

1,087 

1,087 

1,088 

1,096 

1,109.78 

1,101 

1,106 

1,113.68 

1,107 

1,113 

1,115 

1,123 

1,127.76 

1,127 

1,130 

Digitized  by  VjOOQIC 


HALL  ANDT 
HOYT.      J 


CHATTAHOOCHEE   BIVEB. 


65 


Elevations  on  Chattahoochee  River  from  Keilh^s  bridge,  at  mouth  of  Chestatee  River,  to  Nacoo- 

chee — Continued. 


DlBtence 
in  miles. 


38.3 

38.4 

38.6 

38.6 

39.3 

39.3 

39.3 

39.3 

39.6 

39.8 

40 

40 

40.5 

40.8 

41.8 
42.3 

42.3 
42.6 
43.2 
43.5 

43.5 
43.6 

44.2 

44.2 

44.5 

45 

46 

46 

46.8 

46.8 
47.3 

47.5 
48.5 


Duncan  Bridge,  30  feet  below,  nail  in  red-oak  tree 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Head  of  shoals,  opposite,  nail  in  root  of  water  oak 

Soque  Biver,  south  bank,  at  mouth,  nail  in  root  of  birch  tree 

Surface  of  water 

Soque  Biver,  mouth  of,  in  forks  of  river,  nail  in  root  of  pine  stump. . 

Surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Head  of  shoals,  opposite,  on  west  bank  of  river,  nail  in  root  of  red  oak. 

Long  shoals,  head  of,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Head  of  shoals,  root  of  hickory  tree 

Irwins  Bridge,  10  feet  below,  left  bank  of  river,  nail  in  root  of  poplar 


Elevation 
in  feet. 


tree. 


Surface  of  water 

Irwins  bridge,  just  above,  surface  of  water. 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Blue  Creek,  surface  of  water 


Bhie  Creek,  100  yards  above  mouth  of,  in  foric,  nail  in  root  of  red 
oak  tree 

Amos  Ford,  on  west  bank,  lai^  birch  tree,  nail  in  root  of 

Surface  of  water 

Surface  of  water 

Head  of  shoals,  surface  of  water 

Aliens  Bridge,  west  end  of,  red  oak  tree,  nail  in  root  of 

Surface  of  water 

Head  erf  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Head  of  shoals,  opposite,  nail  in  root  of  birch  tree 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Shoals,  opposite  head  of,  nail  in  root  of  pine  tree 

Foot  of  shoals,  surface  of  water '     1 


148.90 

131 

135 

155.41 

147.82 

137 

148.86 

137 

144 

149 

159 

165.20 

178 

178 

216 

222.10 

223.37 

216 

222 

228 

229 

242 

243 

256.09 

256.09 

244 

247 

250 

266.49 

256 

250 

260 

263 

264.18 

271 

274 

280.73 

276 
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Elevations  on  ChaUahoochee  River  from  Keith^s  bridge,  at  mouih  of  Ohestatee  River,  to  Nacoo- 

chee — ContinuecL 


Distance 
in  miles. 


49 

49 

49 

49.2 

49.2 

50.5 

50.5 

51.8 

53 
55 
55 


Elevation 
infect. 


Head  of  shoals,  surface  of  water 

Shoals,  red  oak  opposite  head  of,  nail  in  root  of 

Head  of  shoals,  surface  of  water 

Sharp  bend  of  river,  water  oak  tree,  nail  in  root  of 

Surface  of  water 

Suspension  footbridge,  poplar  tree  at,  nail  in  root  of 

Surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Sautee  Creek,  near  mouth  of,  in  Nacoochee  Valley,  surface  of  water. 
Sautee  Creek,  ford  near  mouth,  surface  of  water 


Nacoochee  post-office,  200  feet  west  of,  ford  of  Chattahoochee  River, 
6  feet  above  surface  of  road,  on  ledge  of  rock,  aluminum  tablet 
marked  *' 1349  Atlanta ' ' 


1,280 

1,285.53 

1,288 

1,304.53 

1,292 

1,305.97 

1,297 

1,299 

1,306 

1,309 

1,339 

1,348.269 


CHATTAHOOCHEE  RIVER  FROM  CHATTAHOOCHEE  TO 
FRANKLIN,  GA. 

A  survey  of  the  middle  Chattahoochee  River  was  made  between 
Chattahoochee  and  Franklin,  Ga.,  a  distance  of  65  miles.  The  eleva- 
tions for  this  survey  were  based  upon  the  United  States  Geological 
Survey  bench  mark  at  Chattahoochee,  Ga.,  and  the  plane-table 
sheets  were  plotted  on  a  scale  of  1 :  22,500. 

In  the  lower  section  of  the  river  for  21  miles  the  Chattahoochee 
is  without  shoals  or  rapids  until  Redmens  Shoals  are  reached,  where 
there  is  a  fall  of  2  feet.  The  next  shoals,  Maderia  Shoals,  1 1  miles 
farther  downstream,  have  a  fall  of  6  feet  in  half  a  mile.  Here,  on 
the  west  side,  is  a  large  bluff  of  hard  rock,  and  on  the  east  side  are 
flat  bottom  lands.  The  water  is  very  shallow,  and  the  stream  has  a 
rocky  bottom.  A  dam  here  would  be  about  600  feet  long,  and  to 
be  made  of  sufficient  height  to  develop  any  amount  of  head  would 
flood  valuable  bottom  lands  above. 

Below  Maderia  Shoals  the  river  runs  over  small  riffles  of  1  to  2 
feet  until  the  Central  of  Georgia  Railroad  bridge  is  reached,  and  for 
5  miles  below  this  point  there  is  practically  no  fall  until  Mcintosh 
Shoals  are  reached,  where  there  is  a  fall  of  8  feet  in  a  quarter  of  a 
mile.  The  river  here  runs  through  broken  country,  with  high  banks 
on  both  sides,  showing  good  exposures  of  hard  rock.  A  dam  here 
would  be  600  feet  long,  but  several  rocky  islands  would  probably 
reduce  the  cost  of  construction.  The  dam  could  be  25  feet  high  or 
more  if  necessary. 
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Seven  miles  farther  down  the  river  are  Fishtrap  Shoals,  with  a  6-foot 
fall  in  a  quarter  of  a  mile.  A  dam  here  would  be  700  feet  long,  as 
the  west  bank  is  low.  Two  miles  downstream  is  the  beginning  of 
Bushhead  Shoals,  the  best  dam  site  on  this  section  of  the  river.  Here 
there  is  a  fall  of  7  feet,  but  added  to  the  5  feet  just  above  and  the  6 
feet  of  Fishtrap  Shoal,  a  total  fall  of  19  feet  could  be  obtained  in  a 
distance  of  5  miles.  A  dam  built  here  would  be  650  feet  long  and 
could  be  of  any  desired  height.  Good  rock  is  exposed  on  each  bank. 
Two  flourishing  towns,  Newnan  and  Carroll  ton,  which  are  about  15 
miles  from  here,  in  opposite  directions,  would  utilize  this  power. 
One  mile  below  is  a  small  4-foot  shoal,  where  the  banks  of  the  river 
are  very  flat. 

At  the  mouth  of  Centralhatchee  Creek,  2  miles  below,  is  the  last 
shoal,  which  has  a  2-foot  fall.  It  does  not  offer  a  good  opportunity 
for  development,  owing  to  the  low  and  extensive  bottom  lands  on 
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Fio.  11.— Profile  of  Chattahoochee  River  from  Chattahoochee  to  Franklin,  Oa. 

the  north  side  of  the  river.  This  section  of  the  river  has  a  width  of 
about  300  feet,  but  in  some  places  widens  to  over  1 ,000  feet. 

Valuable  and  extensive  bottom  lands  are  under  high  cultivation, 
principally  cotton  and  corn  being  raised,  but  the  transportation 
faciUties  are  very  poor.  The  overflow  from  the  river  several  times 
a  year  spreads  a  slimy  sediment  over  the  bottom  which  seems  to  act 
as  a  rich  fertilizer. 

For  4  miles  below  Chattahoochee  there  are  valuable  clay  beds  on 
the  south  side  of  the  river,  which  have  been  excavated  to  a  depth 
of  10  feet  for  brick  manufacture. 

The  elevations  in  the  following  list  are  based  on  an  aluminum 
tablet  at  the  Washington  street  entrance  to  the  State  capitol  build- 
ing at  Atlanta,  marked  *'  1050  M  C,''  the  elevation  of  which  is  now 
accepted  as  1,049.546  feet  above  mean  sea  level.  The  line  is  adjusted 
to  accord  at  each  end,  Oakdale  and  Franklin,  with  corrected  primary 
elevations  in  accord  with  the  1903  adjustment. 

The  leveling  was  done  in  1903,  under  the  direction  of  F.  A.  Franck, 
field  assistant,  by  Joseph  Palmer,  levelman. 
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Distance 
inmUes. 

ElevaUon 
in  feet. 

0.0 

Oakdale.  in  front  of  station,  main  track,  ton  of  south  rail 

809.20 

.0 

Surface  of  water 

740 

.5 

Left  bank  of  river,  on  root  of  willow  tree 

741.82 

.5 

Surface  of  water 

739 

1.6 

Mason  and  Turner  Feny,  near  east  approach  to,  on  root  to  hickoiy 
tree       ..       . 

754.38 

1.6 

Surface  of  water        ..             

738 

3.4 

Old  ferry,  10  feet  from  left  bank,  on  root  of  .sycamore  tree 

751.35 

3.4 

Surface  of  water                               .         

736 

4.1 

Left  bank,  20  feet  above  bridge,  on  root  of  water  oak 

752.94 

4.1 

Surface  of  water 

735 

5.4 

Left  bank,  40  feet  from  river,  on  root  of  walnut  tree 

755.10 

5.4 

Surface  of  water                                    . 

732 

6.4 

Left  bank,  30  feet  from  river,  on  root  of  walnut  tree 

746. 41 

6.4 

Surface  of  water                                                

730 

7.4 

Left  bank,  40  feet  from  river,  on  root  of  walnut  tree 

752.90 

7.4 

Surface  of  water                                  

729 

8.4 

Left  bank,  20  feet  from  river,  on  root  of  sweet  gum  tree 

742.16 

8.4 

Surface  of  water 

727 

10.3 

Adaholts  Ferry,  mouth  of  Sweetwater  Creek,  opposite,  on  root  of 
large  ^camore  tree        

744.73 

10.3 

Surface  of  water                .           .         

726 

11.3 

Left  bank,  30  feet  from  river,  on  root  of  large  walnut  Iree 

747.58 

11.3 

Surface  of  water                  .         

725 

12.8 
12.8 

Dupree  Ferry,  left  bank,  15  feet  from  river,  on  root  of  elm  tree 

Surface  of  water       .           

738.09 
723 

14.8 

Left  bank,  70  feet  from  river,  on  root  of  walnut  tree 

746.29 

14.8 

Surface  of  water       

721 

16.6 

Camp  Creek,  mouth  of,  on  root  of  ash  tree 

736.13 

16.6 

Surface  of  water 

720 

17 

Left  bank,  20  feet  from  river,  on  root  of  walnut  tree 

741.78 

17 

Surface  of  water     

719 

17.9 

Campbellton  Ferry,  10  feet  from  river,  left  bank,  on  root  of  syca- 
more tree 

728.69 

17.9 

Surface  of  water 

719 

20.6 

Brock's  ferry,  10  feet  from  river,  left  bank,  on  root  of  white  oak 
tree : 

730.49 

20.6 

Surface  of  water 

716 

21.2 
21.2 

Redmens  Shoals,  left  bank,  10  feet  from  river  on  root  of  sycamore  tree . 
Surface  of  water 

728.58 
716 

21.3 

Redmens  Shoals,  foot  of,  surface  of  water 

714 

21.7 

Pea  Creek,  mouth  of,  surface  of  water 

714 
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Elevations  on  Chattahoochee  River  from  CheMahoochee  to  Franklin — Continued. 


Distance  I 
in  miles. 


Elevation 
in  feet. 


22 

22 
23.4 

23.4 

24.5 

24.5 

25.6 

25.6 

28.1 

28.1 

29.6 

29.6 

30 

30.9 

31.1 

31.4 

31.8 

31.8 
32.1 
33.4 

33.4 
35.1 
35.1 
36 

36 
37.5 

37.5 
38.6 
38.6 
39.2 
39.3 
40.1 

40.1 
40.1 
40.7 
40.7 


Rivertown  Ferry,  left  bank,  10  feet  from  river,  on  root  of  syca- 
more tree 

Smface  of  water 


Pumpkintown  Ferry,  left  bank,  15  feet  from  river,  on  large  birch 
tree 


Surface  of  water 

Bear  Creek,  mouth  of,  on  root  of  poplar  tree 

Surface  of  water 

Left  bank,  40  feet  from  river,  on  root  of  walnut  tree 

Surface  of  water 

Defer's  ferry,  left  bank,  15  feet  from  river,  on  large  birch  tree 

Surface  of  water 

Jones  Ferry,  left  bank,  15  feet  from  river,  on  root  of  pine  tree 

Surface  of  water 

Ballard  Shoals,  10  feet  from  river,  left  bank,  on  root  of  willow  tree. 

Ballard  Shoals,  head  of,  surface  of  water 

Ballard  Shoals,  foot  of,  surface  of  water 

Madeira  Shoals,  head  of,  surface  of  water 


Madeira  Shoals,  opposite,  on  right  bank,  on  root  of  white  oak,  side 
of  rock  bluff , 


Madeira  Shoals,  surface  of  water , 

Wolf  Creek,  mouth  of,  foot  of  Madeira  Shoals,  surface  of  water 

Hutchinson's  ferry,  right  bank,  20  feet  from  river,  on  root  of  maple 
tree 


Surface  of  water 

Long  Island,  upper  end  of,  head  of  shoals,  surface  of  water. 
Right  bank,  head  of  shoals,  in  root  of  pine  tree 


Long  Island,  opposite  lower  end  of,  foot  of  shoals,  nail  in  root  of 
water  oak  tree 

Surface  of  water 


Snake  Creek,  right  bank,  10  feet  from  river,  100  yards  above  mouth, 
on  root  of  willow  tree , 


Surface  of  water , 

Moores  Ferry,  right  bank,  on  root  of  large  birch  tree 

Surface  of  water 

Shoals,  head  of,  surface  of  water 

Shoals,  foot  of,  surface  of  water 

Central,  of  Georgia,  Railroad  bridge  over  river,  right  bank,  40  feet 
I       above  bridge,  on  root  of  willow  tree 

Surface  of  water 

i  Shoals,  foot  of,  surface  of  water 

I  Opposite  right  bank,  nail  on  root  of  poplar  tree 

I  Surface  of  water 


720.64 
714 

727.94 

712 

730.35 

712 

725.50 

710 

722.92 

709 

718.60 

706 

711. 13 

705 

704 

704 

716.81 
702 


709.12 
694 
692 
709.11 

703.37 


696.72 

688 

702.85 

686 

685 

684 

692.12 

684 

683 

699.76 

682 
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ElevaiioM  on  CTutUahoochee  River  from  ChcUidhoochee  to  Franklin — Continued. 


Distance 
in  miles. 


41.4 

41.4 

41.7 

41.8 

42.6 

42.7 

43 

43.6 

43.9 

43.9 

44.9 

45.4 

45.4 

46.1 

46.1 

49 

49 

50 

50 

50.7 

50.7 

50.9 

53.1 

53.1 

55 

55.3 

55.3 

56.3 

56.9 

56.9 

57.5 

58.5 

58.5 

59 

59 

60 

60.2 

60.8 

61 

62 


Elevation 
in  feet. 


Reese's  ferry,  right  bank,  on  root  of  ash  tree 693. 86 

Surface  of  water 682 

Head  of  Shoals,  surface  of  water 682 

Foot  of  Shoals,  surface  of  water 681 

Fridell  Shoals,  head  of,  surface  of  water 680 

Fridell  Shoals,  foot  of,  surface  of  water 679 

Foot  of  bluff,  right  bank  of  river,  nail  in  root  of  sweet  gum  tree 684. 36 

Hanson  Shoals,  head  of,  surface  of  water 678 

Houston  Ferry,  nail  in  root  of  catalpa  tree 684. 02 

Surface  of  water 677 

Mcintosh  Reserve  Shoals,  head  of,  surface  of  water 676 

Mcintosh  Reserve  Shoals,  foot  of,  right  side  of  bank,  nail  in  root  of 

sweet  gum  tree 679. 49 

Mcintosh  Reserve  Shoals,  foot  of,  surface  of  water 668 

Culpepper,  mouth  of,  on  root  of  red  oak  tree 678. 04 

Surface  of  water 667 

Whooping  Creek,  mouth  of,  nail  in  root  of  birch  tree 670. 70 

Surface  of  water 664 

Brown's  ferry,  right  bank,  nail  in  root  of  walnut  tree 661. 96 

Surface  of  water 662 

Yellow  Dirt  Creek,  right  bank,  nail  in  root  of  sweet  gum  tree 679. 80 

Surface  of  water 662 

Yellow  Dirt  Creek,  mouth  of,  surface  of  water 660 

Hollingsworth  Ferry,  right  bank,  nail  in  root  of  water  oak  tree 673. 31 

Surface  of  water 658 

Pink  Creek,  mouth  of,  surface  of  water 658 

Right  bank,  on  nail  in  root  of  sweet  gum  tree 664. 97 

Surface  of  water 658 

Fishtrap  Shoals,  head  of,  surface  of  water 657 

Fishtrap  Shoals,  right  bank,  opposite  center  of  shoals,  elm  tree,  nail  | 

in  root  of |  670. 26 

Fishtrap  Shoals,  surface  of  water 652 

Fishtrap  Shoals,  foot  of,  surface  of  water 648 

Bushhead  Shoals,  opposite  upper  island,  nail  in  root  of  birch |  653. 32 

Bushhead  Shoals,  head  of,  surface  of  water 645 

Bushhead  Shoals,  foot  of,  on  side  of  bluff,  nail  in  root  of  white  oak. .  648. 15 

Bushhead  Shoals,  foot  of,  surface  of  water 638 

Head  of  shoals,  surface  of  water 638 

Foot  of  shoals,  surface  of  water 634 

Head  of  shoals,  surface  of  water • 634 

Foot  of  shoals,  surface  of  water 632 

Head  of  shoals,  surface  of  water 632 
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Elevations  an  Chattahoochee  River  from  Chattahoochee  to  Franklin — Continued. 


Distance 
in  miles 


62.2 

63.8 

63.8 

64 

64.5 

64.7 

65 


Foot  of  shoals,  surface  of  water 

Centralhatchee  Creek,  opposite  mouth  of,  nail  in  root  of  birch 

Surface  of  water 

Foot  of  shoals,  surface  of  water 

Franklin,  wagon  bridge,  surface  of  water 

Franklin,  on  rivet  on  top  left  iron  pier  of  east  approach  of  wagon 
bridge 

Franklin,  in  south  side  of  court-house,   bronze  tablet  marked 
"695  A" 


Elevation 
in  feet. 


628 

633.49 

628 

627 

626 

655.17 

694.742 


CHATTAHOOCHEE  RIVER  FROM  WEST  POINT  TO  COLUMBUS.  GA. 

Chattahoochee  River  was  surveyed  from  West  Point  to  Columbus, 
Ga.,  a  distance  of  37  miles,  in  which  there  is  a  fall  of  361  feet.  Dur- 
ing the  work  5  bench  marks  were  established  and  35  water-surface 
elevations  obtained.  The  survey  was  plotted  on  the  scale  of  1 :  22,500, 
and  was  accompanied  by  a  flying-level  line  based  on  a  United  States 
Geological  Survey  tablet  at  West  Point,  Ga. 

For  4  miles  below  West  Point  the  river  is  sluggish.  At  Langdale, 
Ala.,  there  is  a  wing  dam  with  9  feet  head,  operating  a  knitting  mill. 
The  dam  is  loosely  built  of  light  lumber,  connecting  a  number  of 
small  islands,  and  a  large  amount  of  water  goes  to  waste. 

Probably  the  best  site  for  a  permanent  structure  at  Langdale  is 
about  one-half  mile  below  the  present  miU,  where  a  head  of  18  feet 
would  back  water  to  just  below  West  Point.  A  dam  as  proposed 
above  would  not,  except  in  time  of  flood,  spread  the  backwater 
beyond  the  present  banks  of  the  river. 

Between  Langdale  and  Riverview,  where  there  is  another  knitting 
mill,  there  is  a  continuous  network  of  small  islands.  At  Riverview 
there  is  a  9-foot  wing  dam  similar  to  that  at  Langdale,  but  it  fur- 
nishes even  less  water,  as  the  eastern  channel  is  broader. 

From  Riverview  to  Columbus  the  river  is  one  continuous  shoal, 
and  the  choice  of  sites  for  dam  construction  rests  on  minor  details 
rather  than  amount  of  power. 

Some  of  the  best  sites  are  just  below  Houstons  Ferry,  3}  miles 
from  Riverview,  where  a  24-foot  dam  would  have  good  ledge-rock 
foundations  for  the  480  feet  of  river  bed,  while  the  ordinary  red  clay  of 
the  region  appears  on  the  banks. 

Three  miles  farther  downstream,  about  1  mile  below  Blantons 
Ferry,  is  another  site,  but  a  dam  here  would  flood  a  good  deal  of 
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bottom  land.  For  4  miles  below  here  is  one  of  the  swiftest  and 
roughest  parts  of  the  river.  There  is  a  good  site  at  the  end  of  the 
stretch,  just  below  the  Big  Bull  Slough,  and  another  one-third  of  a 
mile  above  Bartlett's  old  ferry.  The  former  could  probably  be 
developed  into  a  valuable  plant,  supplying  power  to  West  Point, 
Lanett,  Hamilton,  OpeUka,  and  a  score  of  smaller  towns,  all  less 
than  25  miles  from  this  point.  A  dam  probably  coidd  be  built  here 
with  a  head  of  70  feet.  The  river  bottom  is  ledge  rock,  with  some 
bowlders,  and  the  shores  are  of  the  same  rock  covered  with  more 
or  less  soil.  A  dam  70  feet  high  would  back  the  water  nearly  to 
Mountain  Oak  Creek.  Many  of  the  islands  in  the  river  would  be 
flooded.  Some  of  them  are  large  and  cultivated  to  some  extent. 
There  would  also  be  some  flooding  of  bottom  lands  on  both  sides  of 
the  river,  but  no  lands  of  pronounced  value  would  be  destroyed. 

About  5J  miles  farther  downstream,  at  what  is  known  locally  as 
Goats  Rock,  a  dam  very  similar  to  the  above  could  be  constructed. 
The  shore  lines  are  very  precipitous  and  ledge  rock  outcrops  on  both 
Hanks.  A  head  of  70  feet  would  utilize  all  the  available  power 
between  this  point  and  the  proposed  dam  5}  miles  above. 

Seven  and  one-half  miles  below  is  the  beginning  of  what  is  known 
as  the  old  Clapp  factory  falls.  This  is  one  of  the  best  rapids  on 
the  river.  Unfortunately,  the  river  is  exceptionally  wide  and  the 
construction  of  a  dam  would  be  expensive.  The  old  miU  derived 
its  power  by  means  of  a  wing  dam  which  has  not  been  used  upw^ard 
of  fifteen  years.  A  dam  here,  backing  the  water  up  to  Goat  Rock, 
and  a  canal  carrying  it  to  the  foot  of  the  falls,  will  give  a  total  head 
of  about  77  feet.  The  river  bottom  is  ledge  rock,  and  the  shores  are 
the  same  covered  with  several  feet  of  soil. 

One  and  one-fourth  miles  below  the  old  Clapp  factory  is  the  dam 
of  the  Columbus  Power  Company.  This  dam  has  a  head  of  32  feet, 
developed  by  a  stone  concrete  dam,  below  which  the  tailrace  has 
been  deepened  and  separated  from  the  river  by  a  stone  wall.  Part 
of  the  power  is  utiUzed  by  the  large  cotton  mill  of  the  company, 
situated  on  the  east  bank  of  the  river.  The  balance  is  distributed 
about  the  city  of  Columbus. 

One  and  one-fourth  miles  farther  down  the  stream  is  what  is  called 
the  city  mill  dam,  with  9J  feet  head.  It  is  a  wooden  structure  and 
needs  constant  attention,  furnishing  power  to  the  city  of  Columbus 
and  to  a  gristmill.  Three-fourths  of  a  mile  below  is  a  stone  dam 
kept  in  good  repair  and  owned  by  the  Eagle  and  Phoenix  Company, 
one  of  the  largest  cotton  manufacturing  companies  in  the  South. 
Just  below  this  dam  is  the  head  of  navigation  for  steamboats. 

The  elevations  in  the  following  list  are  based  upon  a  bronze  tablet 
in  west  abutment  of  Altanta  and  West  Point  Railroad  bridge  over 
Chattahoochee  River  at   West   Point.     The   elevation   of  this,  as 
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determined  by  a  net  of  primary  levels,  extended  from  Rome,  Ga.,  a 
point  on  the  precise-level  net,  is  573.193  feet  above  mean  sea  level, 
in  accord  with  the  1903  corrected  elevation  of  that  place. 

The  leveling  was  done  under  the  direction  of  I.  T.  Fitch,  field 
assistant,  by  W.  H.  Sallee,  levelman. 
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Fio.  12.— Profile  of  Chattahoochee  River  from  West  Point  to  Columbus,  Oa. 

Elevations  on  ChaUahoochee  River  from  West  Point  to  Columbus t  Oa.  (single  spur  line) 


Distance 
in  miles. 


0.0 

.0 
.0 

.0 


3.1 
6 

6 

6 

8.6 

8.6 

8.6 


West  Point,  in  west  abutment  of  Atlanta  and  West  Point  Railroad 
bridge  over  Chattahoochee  River,  bronze  tablet  marked  "573  A" . . 

Highway  bridge,  surface  of  water 

Tidewater  elevation  corresponding  to  zero  of  local  hydrographic  sta- 
tion  


West  Point,  opposite,  in  Alabama,  United  States  engineers*  bench 
mark,  1,000  feet  north  of  highway  bridge,  100  feet  east  of  road  inter- 
section, west  bank  of  river,  75  feet  from  water,  iron  monument  sunk 
in  ground 


Elevation 
in  feet. 


Long  Cane  Creek,  surface  of  water 

Langdale,  Ala.,  90  feet  south  of  Moores  Creek,  in  factory  lawn  between 
factory  and  track,  top  of  hydrant 

Langdale,  mill  pond  at,  surface  of  water 

Langdale,  below  dam,  surface  of  water 

Riverview,  mill  pond,  surface  of  water 

Riverview,  below  mill  pond,  surface  of  water 

Riverview,  opposite,  in  Alabama,  northwest  comer  of  cotton  mill,  35 
feet  southwest  of,  50  feet  south  of  dam,  top  of  double-orifice  hydrant. 


573. 193 
551 

549 


564.28 
549 

548.54 

542.1 

533 

532 

522 

X 

534.94 
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Elevations  on  Chattahoochee  River  from  West  Point  to  Columbus ,  Ga,  {single  spur 

line  ) — Continued. 


Distance  ' 
in  miles,  i 


Elevation 
in  feet. 


12 
14.4 

16.6 
20.3 

23.7 
34.7 
34.7 
35.9 

36.1 
36.1 
37 
37 


Houstons  Feny,  surface  of  water i 

Blantons  Ferry,  west  side  of  river,  200  feet  from  edge  of  water,  25  feet  i 
east  of  po[Jar  tree,  wagoj  road,  top  of  knob,  south  side  of  blazed 


tree. 


Dixons  Ferry,  surface  of  water 

Bartletts  old  ferry,  50  feet  northwest  of  west  bank  of  river,  top  of 
ledge,  rock  18  reet  from  water I 

Mulberry  Creek,  Geoi^a,  surface  of  water 

Columbus  Power  Company,  mill  pond,  surface  of  water 

Columbus  Power  Company,  below  pond,  surface  of  water 

Columbus,  mill  pond  of  city  milldam,  surface  of  water 

Columbus,  below  mill  pond  of  city  milldam,  surface  of  water 

Columbus,  above  Eagle  and  Phoenix  Company  dam,  surface  of  water . . . 

Columbus,  below  Eagle  and  Phoenix  Company  dam,  surface  of  water . . . 

Columbus,  beneath  highway  covered  bridge,  surface  of  water 

Girard,  Ala.,  Broad  and  Sixth  streets,  southeast  comer  of  intersection, 
bucket  and  windlass  well,  45  feet  east  of,  top  of  stone  guard  post  at  I 
Wm.  C.Bill's  saloon '    255.14 


497 

508.74 
483 

404.78 

363 

260 

240 

226 

216 

216 

200 

190 


SOQUE  RIVER  BELOW  CLARKSVILLE,  GA. 

Soque  River  was  surveyed  from  its  mouth,  near  View,  Ga.,  to 
Clarksville,  Ga.,  a  distance  of  8  miles.  The  levels  were  based  on 
a  line  carried  up  Chattahoochee  River  from  Gainesville,  Ga.,  and  the 
field  sheets  were  platted  on  the  scale  of  1 :  22,500. 

The  first  power  is  5  J  miles  above  its  mouth  and  1  mile  below  from 
Bert.  Here  there  is  an  undeveloped  fall  of  6  feet  in  about  50  yards. 
The  south  bank  is  hard  rock;  the  north  bank  is  not  very  high,  but 
seems  to  be  solid  rock.  The  best  site  for  a  dam  is  probably  at  the 
lower  end  of  the  falls.  A  dam  here  would  be  about  380  feet  long 
and  not  over  7  feet  high,  or  the  water  would  back  up  over  the  lower 
end  of  more  valuable  shoals  above. 

At  Bert,  Ga.,  are  the  Porter  Shoals,  which  have  a  drop  of  48  feet — 
far  the  best  waterfall  on  the  river.  A  small  wing  dam  develops 
power  to  operate  Porter's  woolen  and  cotton  factory,  4  miles  from 
Demorest,  Ga.,  the  nearest  railroad  point. 

About  500  feet  upstream  is  Porter's  upper  shoal,  at  which  there 
is  a  15-foot  fall  partly  developed  by  a  small  dam,  and  which  sup- 
plies power  for  factory  No.  2  of  the  same  company.  A  much  greater 
head  would  be  obtained  here  by  increasing  the  size  of  the  dam. 

One  and  one-half  miles  above  Bert  is  a  splendid  water-power  site, 
known  as  the  Old  Factory  Shoals,  where  there  is  a  fall  of  23  feet  in 
a  distance  of  600  feet.     There  was  a  dam  here  at  one  time,  but  all 
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signs  of  it  have  vanished.  The  river  is  about  350  feet  wide  and 
flows  in  several  channels  between  small  islands.  Good  sandstone 
outcrops  on  both  banks. 

Just  above  this  point  the  river  bottoms  widen  and  the  farming 
lands  are  better  between  here  and  Clarksville,  the  end  of  the  survey, 
than  any  point  on  the  river. 

The  elevations  in  the  following  list  are  based  upon  an  aluminum 
tablet  at  the  north  side  of  east  entrance  to  the  court-house  at  Clarks- 
ville, marked  "  1372  Atlanta/'  the  elevation  of  which  is  accepted  as 
1,371.991  feet  above  mean  sea  level,  in  accord  with  the  1903  adjust- 
ment of  the  precise-level  net. 

The  leveling  was  done  in  1903,  under  the  direction  of  F.  A.  Franck, 
field  assistant,  by  Joseph  Palmer,  levelman. 
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Fio.  13.— Profile  of  Soque  River  below  Clarksville,  Oa 


Elevations  on  Soque  River  from  near  View  to  CiarkavilUf  Oa. 


Distance 
in  miles. 


0. 0  I  Soque  River,  south  bank  of  mouth  of,  at  junction  of  Soque  and  Chat- 


Elevation 
in  feet. 


1,147.82 


tahoochee  rivers,  birch  tree,  nail  in  root  of. 

.0     Surface  of  water j  1,137 

1. 6  1  McAllisters  Bridge,  near  north  end  of,  nail  in  root  of  white  oak |  1, 156. 90  ^ 
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Elevaiiona  on  Soque  River  from  near  View  to  ClarJcesviUe,  6a. — Continued. 


Distance 
in  miles. 


1.6 


Elevation 
in  feet. 


4.1 

4.7 

5.6 
6.7 
6.1 
6.1 
5.9 

6.1 
6.2 

6.3 
7.3 
7.3 
7.3 

8.8 

8.8 


Surface  of  water ,  1, 142 

Foot  of  shoals,  surface  of  water 1, 142 

Head  of  shoals,  surface  of  water 1, 149 

Newbridge,  hickory  tree  on  north  bank,  nail  in  root I  1, 171. 71 

Surface  of  water |  1, 152 

Foot  of  shoals,  surface  of  water 1, 153 

Head  of  shoals,  surface  of  water 1, 156 

Foot  of  shoals,  surface  of  water ^ .  i  1, 156 

Head  of  shoals,  surface  of  water 1, 162 

Foot  of  shoals,  surface  of  water 1, 166 

Head  of  shoals,  surface  of  water i  1 ,  181 

Porter's  mills,  foot  of  Porter  Shoals,  surface  of  water 1 ,  189 

Bert,  head  of  Porter  Shoals,  surface  of  water 1 ,  237 

Bert,  Porter  Shoals,  opposite  head  of  shoals,  water  oak,  nail  in  root 

of I  1,189.07 

I 

Bert,  near  north  end  of  wagon  bridge,  red  oak  tree,  nail  in  root  of 1, 246. 13 

Bert,  foot  of  upper  shoals,  surface  ol  water ,  1, 238 

Head  of  upper  shoals,  surface  of  water 1, 253 

Bert,  Ga.,  200  yards  above  factory,  near  river,  on  root  of  water  oak     '  1 ,  262. 75 

Foot  of  shoals,  surface  of  water 1, 261 

Left  bank  of  river,  nail  on  root  of  sycamore  tree i  1 ,  287. 37 

Surface  of  water,  head  of  shoals '  1, 284 

Clarksville,  Habersham  County  court-house,  on  north  side  of  east 

entrance,  aluminum  tablet  marked  ' '  1372  Atlanta  *' 1 ,  371. 991 

Surface  of  water 1, 289 


CHESTATEE  RIVER  BELOW  WILLOW,  GA. 

Chestatee  River  was  surveyed  from  Willow,  Ga.,  to  its  mouth,  near 
Chestatee,  a  distance  of  47.7  miles. 

A  line  of  secondary  levels  was  nm,  based  on  a  primary  bench 
mark  of  the  United  States  Geological  Survey,  2  miles  north  of  Willow. 
The  field  sheets  were  platted  on  the  scale  of  1 :  22,500.  During  the 
course  of  the  survey  40  bench  marks  were  estabUshed  and  98  water- 
surface  elevations  obtained. 

For  the  first  8  miles  the  river  traverses  a  very  wild  and  broken 
country,  and  is  only  about  50  feet  wide.  There  is  not  enough  water 
to  produce  any  considerable  amount  of  power,  although  there  is  a  fall 
of  124  feet. 

At  Gannett  Bridge  there  is  an  old  3-foot  dam  which  was  used  to 
furnish  power  for  a  gold-stamping  mill,  the  machinery  of  which  is  now 
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ruined  from  disuse.  This  is  about  the  north  boundary  of  the  Dah- 
lonega  gold  field  now  under  vigorous  development. 

One  mile  downstream  is  an  unnamed  shoal,  with  a  fall  of  30  feet  in 
0.6  of  a  mile.  The  river  runs  between  very  steep  banks  of  hard, 
unseamed  rocks,  and  a  200-foot  dam  could  be  constructed  here,  abun- 
dant material  being  easily  accessible. 

Just  below  Grinnells  Ford  is  a  splendid  site,  where  the  river  sud- 
denly drops  47  feet  in  about  150  yards  and  passes  through  a  narrow 
gorge.  The  river  bed  is  of  broken  rock,  and  a  dam  at  this  point 
would  be  about  200  feet  long. 

About  2  miles  farther  down  is  a  drop  of  11  feet  in  100  yards.  The 
river  runs  through  a  narrow  gorge,  but  just  above  the  valley  widens 
enough  to  make  a  good  storage  basin.  A  dam  would  be  about  225  feet 
long  and  could  be  built  to  almost  any  desired  height.  A  pyrites 
mine  here  employs  50  men.  Four  miles  below  the  Crown  Gold 
Mining  Company  is  erecting  a  40-foot  dam,  known  as  the  Gorge  dam, 
to  run  hydraulic  pumps  for  two  placer  mines..  This  dam  will  back 
up  the  water  for  2}  miles  and  will  cover  a  number  of  small  shoals. 

The  river  below  here  runs  swiftly,  but  without  important  shoals  for 
about  3J  miles.  It  then  enters  the  back  water  from  Chestatee  dam, 
which  is  4  feet  high,  and  supplies  power  for  a  gristmill,  cotton  gin,  and 
hydraulic  pump. 

Three  miles  farther  down  is  a  gold-stamping  mill,  the  power  for 
which  is  supplied  by  an  11-foot  dam,  which  backs  the  water  up  as  far 
as  Iron  Bridge  just  below  the  Chestatee  dam.  Six  miles  farther  down 
is  a  26-foot  dam,  built  by  the  North  Georgia  EHectric  Company,  at  New- 
bridge, Ga.,  which  suppUes  power. for  the  traction  system  and  lighting 
of  the  city  of  Gainesville,  Ga.,  15  miles  away.  A  smaller  dam,  4  feet 
high,  just  below  the  main  structure,  furnishes  power  for  a  gristmill  and 
cotton  gin. 

Below  Newbridge,  Ga.,  the  river  enters  a  more  level  country  and 
runs  with  little  fall  to  Bolden^s  bridge,  9  miles  below,  passing  a  3-foot 
dam,  which  is  used  to  operate  a  small  flouring  mill,  and  a  6-foot  dam, 
wnich  suppUes  power  for  a  large  gristmill. 

In  the  remaining  8  miles  there  are  no  shoals  or  opportimities  for 
power  development.  The  sand  in  the  bed  of  the  river  contains  a 
large  amount  of  gold,  and  placer  mining  on  a  considerable  scale  is  one 
of  the  occupations  of  the  people  throughout  this  whole  region. 

Nearly  all  of  the  important  shoals  which  are  undeveloped  are  con- 
trolled by  the  mining  interests  in  the  neighborhood.  The  upper  part 
of  the  survey  was  tlu*ough  fairly  heavy  timber,  but  the  lower  end  of 
the  work  was  through  land  all  under  high  cultivation.  The  river 
passes  3  miles  from  Dahlonega,  the  county  seat  of  Lumpkin  County. 

The  elevations  in  the  following  list  are  based  upon  a  bronze  tablet 
2.5  miles  north  of  Willow,  in  rock  on  west  side  of  river  at  fork  of 
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road,  marked  ^'  1529  Atlanta,"  the  elevation  of  which  is  accepted  as 
1,528.649  feet  above  mean  sea  level,  in  accord  with  the  1903  adjust- 
ment of  the  precise-level  net. 

The  leveling  was  done  in  1903,  under  the  direction  of  F.  A.  Franck, 
field  assistant,  by  Joseph  Palmer,  levelman. 

Elevations  on  Chestatee  River  below  WUloWf  Ga. 


Distance 
in  miles. 


Elevation 
in  feet. 


2.5 

.0 
.0 
.25 

1 

1 

1.6 

2.5 

2.7 

3 

3 

3.7 

3.8 

4 

4 

4.2 

4.7 

4.7 

4.9 

5.2 

5.2 

5.4 

5.4 

6 

6.4 

6.4 

6.9 

7.3 

8 

8.2 


WiJlow,  2.5  miles  north  of,  on  west  side  of  river,  at  fork  of  road,  in 
rock,  bronze  tablet  marked  "  1529  Atlanta  " 


Willow,  near  west  end  of  bridge,  walnut  tree,  nail  in  root  of 

Surface  of  water 

Surface  of  water 

Foot  of  shoals,  opposite,  west  side  of  river,  nail  in  root  of  maple  tree. 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Right  bank  and  10  fret  from  river,  nail  in  root  of  red  oak  tree 

Surface  of  water 

Head  of  large  shoals,  surface  of  water 

Foot  ot  large  shoals,  surface  of  water 

Shoals,  opposite,  right  bank  of  river,  nail  in  root  of  red  oak 

Surface  of  water 

Foot  of  shoals,  surface  of  water 

Sharp  bend  of  river,  right  bank,  nail  in  root  of  red  oak 

Surface  of  water 

Crooked  Shoal,  head  of,  surface  of  water 

Crooked  Shoal,  foot  of,  surface  of  water 

Head  of  shoals,  surface  of  water , 

Foot  of  shoals,  surface  of  water , 

Left  bank  of  river,  opposite  shoals,  large  white  oak,  nail  in  foot  of 

Head  of  shoals,  surface  of  water , 

Foot  of  shoals,  surface  of  water 

Foot  of  shoals,  left  bank,  60  feet  below,  nail  in  root  of  hickory 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 


Small  creek,  mouth  of,  opposite  center  of  shoals,  spruce  pine,  nail 
in  root  of 


Old  dam,  top  of,  surface  of  water 

Old  dam,  bottom  of,  surface  of  water 

Gannett  Bridge,  10  feet  below,  on  left  bank  river,  nail  in  red  oak. . 


1,528.649 

1,461.37 

1,454 

1,449 

1,447.54 

1,446 

1,444 

1,443 

1,438 

1,428 

1,422 

1,437.94 

1,416 

1,415.5 

1,406 

1,425.41 

1,405 

1,399 

1,404.53 

1,394 

1,390 

1,386 

1,384 

1,378 

1,388.79 

1,377 

1,353 

1,364.25 

1,346 

1,328 

1,335.59 
1,321 
1,317 
1,318.35 
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Distance  | 
in  mUes. 


8.2 
8.5 
8.8 


9.4 
9.9 
10 

10.3 
10.7 
10.7 

11.1 
11.2 

11.2 
11.4 
11.6 
11.6 
11.7 
11.9 
12.6 

12.8 
13.5 

14 
14 
14.6 

14.9 

15.8 

15.9 

16.4 

17 

17 

17.6 

17.8 

20.2 

20.2 

20.4 


Elevation 
in  feet. 


Surface  of  water 1 

Old  gold-stamping  mill,  foot  of  bridge  at,  surface  of  water |  1 

Head  of  shoals,  surface  of  water 1 

Foot  of  shoals,  surface  of  water 1 

Foot  of  shoals,  opposite,  left  bank  river,  nail  in  root  of  sweet  gam 

tree 1 


Head  of  shoals,  surface  of  water 1 

Grinnclls  Ford,  foot  of  shoals,  surface  of  water I     1 

Grinnells  Ford,  in  root  of  large  birch  tree,  near  ford,  nail  in  root  of . . 

Head  ol  shoals,  surface  of  water 

Tesnatee  River,  mouth  of,  foot  of  shoals,  surface  of  water 

Tesnatee  River,  mouth  of,  in  fork  between  rivers,  on  side  of  rock 
bluff,  in  white  oak  tree,  nail 

Grinnell's  lower  ford,  surface  of  water 


Grinnell's  lower  ford,  on  right  bank  100  yards  below  ford,  point  of 
large  rock,  chisel  mark 


Grinnell's  lower  ford,  foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Right  bank  of  river,  nail  in  root  of  hickory  tree 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Ri^t  bank  river,  pine  tree,  nail  in  root  of 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

White  oak  tree,  nail  in  root  of 

Surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Gorge  dam,  above,  head  of  shoals,  surface  of  water 

Gorge  dam,  40  feet  below,  right  bank  of  river,  nail  in  hickory  tree. . . 

Gorge  dam,  below  dam,  foot  of  shoals,  surface  of  water 

Surface  of  water 

Bearden's  bridge,  top  of  stone  pier  on  west  approach,  iron  bolt 

Surface  of  water 

Head  of  shoals,  surface  of  water 

Surface  of  water j     1 

Chestatee  dam,  top  of,  surface  of  water '     1 

Chestatee  dam,  foot  of,  surface  of  water |     1 

Iron  Bridge,  60  feet  below,  beech  tree,  nail  in  root  of '     1 


309 
305 
304 
296 

303.10 

293 

263 

265.45 

262 

215 

231.37 
209 

218. 11 

207 

206 

201 

214.34 

200 

189 

187 

174 

183.54 

169 

163 

166.95 

160 

155 

150 

149 

159.21 

138 

133 

150.10 

130 

125 

122 

119 

115 

121.86 
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Distance 
in  miles. 


20.6 
22.8 


23.9 
23.9 
24.2 
25.1 
25.1 
26.1 
26.2 
26.8 
27.9 
30 

30.2 

30.2 
31.3 
31.3 
32.5 

32.5 
33.4 
33.4 
33.5 


34.7 

35.7 
35.7 
35.8 
36.7 

36.9 
38.5 
38.8 
39.6 
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Elevation 
in  feet. 


Iron  Bridge,  surface  of  water 1 ,  109 

Foot  of  shoab,  surface  of  water 1, 106 

Surface  of  water 1, 105 

Oold-stamping  mill,  top  of  dam,  surface  of  water 1, 104 

Foot  of  dam,  surface  of  water 1, 092 

Gold-stamping  mill,  persimmon  tree  near,  nail  in  root  of 1, 114. 62 

Branch,  near  mouth  of,  nail  in  root  of  red  oak 1 ,  106. 49 

Surface  of  water 1, 089 

Foot  of  small  shoals,  surface  of  water 1, 084 

Brierpatch  Bridge,  south  side  of  east  approach,  iron  bolt 1, 104. 71 

Surface  of  water. . .  .^ 1, 082 

Head  of  shoal,  surface  of  water 1, 079 

Foot  of  shoals,  surface  of  water 1, 075 

Head  of  shoals,  surface  of  water 1, 070 

Left  bank  of  river,  pine  tree,  nail  in  root  of 1, 079. 43 

Qeoigia  Electric  Company's  dam,  top  of,  surface  of  water 1, 070 

Foot  of  dam,  surface  of  water 1,043 

Newbridge  (post-office),  west  side,  top  of  central  bridge  pier,  bolt. .  1, 060. 43 

Newbridge,  head  of  small  dam,  surface  of  water 1, 043 

Small  dam,  foot  of,  surface  of  water 1, 039 

East  bank,  50  feet  from  river,  naU  in  root  of  large  pine 1,062. 63 

Surface  of  water 1,028 

Head  of  shoals,  surface  of  water 1, 027 

Foot  of  shoals,  surface  of  water I  1, 024 

Pine  tree  opposite  shoals,  nail  in  root  of 1, 049. 28 

Yellow  Creek,  50  yards  below  mouth  of,  nail  in  root  of  red  oak 1 ,  048. 27 

Surface  of  water ,  1, 022 

Surface  of  water I  1, 017 

Head  of  small  shoals,  surface  of  water 1, 016 


1,014 
1,025.30 
1,012 
1,020.21 


Foot  of  small  shoals,  surface  of  water 

Robinson's  ford,  10  feet  from  river,  nail  in  root  of  red  oak  tree 

Robinson's  ford,  surface  of  water 

Rock  Bluff,  left  bank  of  river,  nail  in  root  of  oak  tree 

Surface  of  water 1 ,  009 

Foot  of  shoals,  surface  of  water !     1, 005 

Flour  mill,  top  of  dam,  surface  of  water 1 ,  003 

Dam,  foot  of,  surface  of  water 1,000 

Surface  of  water 993 

Small  creek,  mouth  of,  mirface  of  water 

East  bank  of  river,  40  feet  from,  nail  in  root  of  red  oak 


Bolden's  bridge,  40  feet  from  east  bank,  stump  near  bridge,  nail  in 
root  of 


1,003.60 


099.  50 
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Difltance 
in  miles. 


Elevation 
in  feet. 


39.8 
39.8 
39.9 

40.8 
40.8 
40.9 
42.6 
42.6 
43.4 
44.6 
44.6 
45.6 

47.7 


Bolden's  bridge,  west  side  of  east  approach,  top  of,  iron  bolt 

Surface  of  water 

Mill,  top  of  dam,  surface  of  water 

Mill,  foot  of  dam,  surface  of  water 

Langleys  Creek,  east  side,  40  feet  below  mouth,  nail  in  root  of  red  oak. 

Langleys  Creek,  mouth  of,  surface  of  water 

Surface  of  water 

East  bank  of  river,  nail  in  root  of  sycamore  tree 

Surface  of  water 

Surface  of  water 

River,  200  feet  from,  in  open  field,  nail  in  walnut  tree 

Surface  of  water 

Mouth  of  branch,  near,  40  feet  from  east  bank  of  river,  nail  in  red 
oak  tree 

Chestatee,  Ga.,  near,  at  mouth  of  Chestatee  River,  near  Keith's 
bridge,  nail  in  root  of  walnut  tree 


1,001.28 

983 

977 

989.34 

972 

970 

974.48 

964 

963 

975.87 

960 

981.76 

964.37 


HIWA88BE  RIVER  PROM    HIWA88BB,  QA.,  TO  APALACHIA,  N.  C. 

Hiwassee  Riyer  was  surveyed  from  Hiwassee,  Ga.,  to  Apala- 
chia;  N.  C,  a  distance  of  63  miles.  In  that  distance  there  is  a  fall 
of  707  feet.  A  line  of  secondary  levels  based  on  the  United  States 
Geological  Survey  bench  mark  at  Hiwassee,  Ga.,  was  run.  The 
field  sheets  were  plotted  on  the  scale  of  1 :22,500.  During  the  course 
of  the  survey  39  bench  marks  were  established  and  119  water-surface 
elevations  obtained. 

There  are  no  shoals  of  any  consequence  until  just  below  Bell  Creek, 
where  there  is  one  of  10  feet  with  good  rock  bottom  and  rock  bluflfs 
on  the  northeast  side  of  the  river.  A  dam  could  be  constructed 
here  with  a  length  of  about  200  feet. 

One  mile  below  Hayesville  Bridge  is  a  shoal  with  a  fall  of  18  feet 
in  1 J  miles,  but  no  suitable  place  for  a  dam  was  noted. 

One  and  one-half  miles  below,  at  Passmore  Ford,  is  a  shoal  with  a 
21 -foot  fall  in  li  miles  and  with  a  fairly  good  site  for  the  construction 
of  a  dam.  The  bottom  is  rocky  and  there  are  rock  bluffs  on  the 
south  side  of  the  river.     The  dam  would  be  about  300  feet  long. 

Four  and  one-half  miles  below  is  the  12-foot  dam  of  the  Cherokee 
Lumber  Company.  This  is  a  splendid  site.  A  40-foot  structure 
would  not  back  the  water  over  1 J  miles  and  would  not  do  any  dam- 
age to  cultivated  lands. 

Three  miles  below,  at  Island  Ford,  is  a  shoal  with  a  17-foot  fall  in 
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1  mile.  This  is  an  excellent  dam  site,  as  the  bottom  is  rocky  and 
there  are  hard-rock  bluffs  on  either  side.  The  dam  would  be  300 
feet  long.  Building  material  can  be  easily  obtained.  Five  miles 
below,  and  about  1  mile  above  Murphy,  is  a  shoal  with  a  25-foot 
fall  in  1}  miles.     A  dam  about  600  feet  long  could  be  built  here. 

One-third  mile  below  Murphy,  at  the  mouth  of  Valley  River, 
is  the  head  of  a  shoal  1  j  miles  long  with  a  fall  of  25  feet.  This  is  an 
excellent  power  site.  The  bottom  is  rocky;  both  sides  are  of  hard 
rock.     The  dam  would  be  about  500  feet  long. 

Seven  and  one-half  miles  below  Murphy,  at  Shallow  Ford,  is  a 
shoal  with  14-foot  fall  in  IJ  miles.  This  offers  an  excellent  site  for 
a  dam,  as  bottom  and  banks  are  rocky.     The  dam  would  be  about 
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FiQ.  14.— Profile  of  niwassee  River  from  Hiwassee,  Ga.,  to  Apalachia,  N.  C. 

550  feet  long.  Three  miles  below  Shallow  Ford  is  a  shoal  with  a 
20-foot  fall  in  li  miles.  The  dam  here  would  be  only  about  400 
feet  long. 

Two  miles  below  is  a  23-foot  shoal  1}  miles  long,  where  the  river 
runs  between  steep  hills.  The  dam  here  would  be  600  feet  long. 
Excellent  building  material  is  at  hand. 

From  Chambers  Creek  to  lower  Shallow  Ford,  6i  miles,  the  river 
has  a  fall  of  15  feet  per  mile,  and  is  almost  a  continuous  shoal.  There 
are  several  excellent  dam  sites.  From  Shoal  Creek  to  Cane  Creek, 
2  miles,  there  is  a  shoal  with  a  fall  of  38  feet.  This  is  a  fine  power 
site,  with  hard,  rocky  bottom  and  sides.  A  dam  at  this  point  would 
be  about  700  feet  long. 
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From  Cane  Creek  down  to  the  Tennessee  State  line  (5  miles),  the 
end  of  the  survey,  the  river  has  a  fall  of  30  feet,  with  only  a  7-foot 
shoal  three-fourths  of  a  mile  between  Kilpatrick  Ferry  and  Taylor 
Ferry. 

The  elevations  in  the  following  list  are  based  upon  an  aluminum 
tablet  marked  "1984  Atlanta *'  at  the  northeast  comer  of  front 
vestibule  of  Towns  County  court-house,  Hiwassee,  Ga.,  the  eleva- 
tion of  which  is  accepted  as  1,983.634  feet  above  mean  sea  level. 
The  leveling  is  adjusted  with  flying  levels  on  Nottely  River  to 
accord  with  the  1903  adjusted  elevation  of  primary  bench  mark 
at  Blairsville  and  Hiwassee,  Ga.  From  the  mouth  of  Nottely  River 
to  Apalachia  the  leveling  is  a  single  spur  line. 

The  leveling  was  done  in  1903,  under  the  direction  of  Carroll  Cald- 
well, field  assistant,  by  T.  B.  O'Hagan,  levelman. 

Elevations  an  Hiwassee  River  from  Hiwassee^  Oa.,  to  Apalaehiat  N.  C. 


Distance 
inmUee. 


0.0 

.3 

.3 
.3 
.3 

.8 
1.6 


1.7 
1.9 
2.2 

2.2 
2.3 
2.3 
2.8 
3.4 
3.6 
3.7 
3.8 
4.8 
4.8 
4.8 


Hiwassee,  Towns  County,  court-house,  at  northeast  comer  of  front 
vestibuJe,  aluminum  tablet  marked  *'  Atlanta,  1,984  ** 


Hiddon  Bridge,  300  feet  north  of,  edge  of  county  road,  white-oak 
tree,  nail  in  west  side  of 


Hiddon  Bridge,  siuface  of  water 

Hig^  water 

Bridge  floor 

Town  Branch,  mouth  of,  siuface  of  water 

25  feet  north  of  bridge,  20  feet  west  of  river,  point  on  bluff  rock. . 

Bridge,  surface  of  water 

B.F 


High  water 

Hog  Creek,  mouth  of,  surface  of  water. 
Small  rapids,  surface  of  water 


Bell  Creek,  900  feet  north  of,  on  east  edge  of  rivbr,  triple  maple  tree, 
nail  in  side  of 


Bell  Creek,  mouth  of,  surface  of  water 

Small  falls,  head  of,  surface  of  water 

Small  falls,  foot  of,  surface  of  water 

Surface  of  water 

Sally  Ford,  mouth  of,  surface  of  water 

Hog  Creek,  mouth  of,  surface  of  water 

Surface  of  water 

Qibson  Creek,  mouth  of,  surface  of  water 

Long  Bullet  Creek,  mouth  of,  surface  of  water 

Pendelton  Ford,  25  feet  northwest  of,  nail  in  side  of  dead  stump. . 
Surface  of  water 


Elevation 
in  feet. 


1,083.634 

1,882.30 

1,865 

1,882 

1,881 

1,862 

1,871.36 

1,857 

1,874.8 

1,876 

1,855 

1,8M 

1,854.14 

1,853 

1,851 

1,847 

1,838 

1,836 

1,833 

1,830 

1,829 

1,825 

1,838.20 

1,823 
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Elevations  on  Hiwassee  River  from  Hivxuseef  Oa.,  to  Apalachia,  N.  C. — Continued. 


Distance 
in  miles. 


4.8 
5.2 
5.5 
5.6 

6.1 
6.2 
6.4 
6.4 
6.9 
7.2 
7.9 


8.3 
8.3 

8.8 
9 

9.2 
9.4 


10 
10 

10.8 
11.5 


11.8 
12.2 
12.6 

12.6 
12.8 
13.3 
13.6 
14 


High  water 

Sneaking  Greek,  mouth  of,  surface  of  water- 
Surface  of  water 


Ford,  75  feet  northwest  of,  10  feet  west  of  road,  nail  in  red- 
oak  tree 

15  feet  north  of  river,  point  on  rock 

Surface  of  water 

Stream,  mouth  of,  surface  of  water. 

Rough  Ford,  15  feet  north  of  river,  rock  bluff,  point  on  rock 

Surface  of  water 

Shooting  Creek,  mouth  of,  surface  of  water 

Barnard  Bridge,  northeast  abutment,  point  on  top  of 

Surface  of  water 

Bridge  floor 

Hi^  water 

Ford,  surface  of  water 

Ford,  50  feet  south  of  ford,  15  feet  north  of  river,  nail  in  side 

of  dogwood  tree 

Surface  of  water 

Head  of  island 

Hyatts  Mill  Creek,  mouth  of,  surface  of  water 

Herbert  Ford,  on  south  edge  of  river  at,  nail  in  side  of  birch  tree  . . 

High  water 

Surface  of  water 

Blair  Creek,  mouth  of,  surface  of  water 

12  ffeet  west  of  river,  point  on  rock 

Surface  of  water 

Town  Creek,  mouth  of,  surface  of  water 


Elevation 
in  feet. 


Tusquite  Bridge,  250  feet  west  of,  on  edge  of  river,  nail  in  root  of 
birch  tree 


Bridge,  surface  of  water 

High  water 

Martin  or  Quail  Creek,  mouth  of,  surface  of  water 

Surface  of  water 

Tusquitee  Creek,  mouth  of,  160  feet  northwest  of,  10  feet  west  of  I 
river,  nail  in  root  of  birch  tree 

Surface  of  water j 

Rapids,  surface  of  water | 

Below  rapids,  surface  of  water 

Stream,  mouth  of,  surface  of  water 

Martin  Ford,  125  feet  south  of,  on  west  edge  of  river,  a  fish  trap, 
nail  in  root  of  birch  tree i 

Surface  of  water I 


1,835 
1,820 
1,819 

1,830.62 

1,824.63 

1,811 

1,809 

1,816.84 

1,807 

1,804 

1,818.31 

1,797 

1,819.7 

1,814 

1,794 

1,807.80 

1,790 

1,780 

1,787 

1,791.19 

1,799 

1,787 

1,787 

1,796.74 

1,782 

1,778 

1,778.90 

1,774 

1,794 

1,174 

1,773 

1,777.93 

1,771 

1,767 

1,760 

1,759 

1,757.74 
1,756 
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ElevatUms  on  Hitoasgee  River  from  Hiwasaee,  Oa.,  to  Apalaehiaf  N,  C. — Continued. 


Distance 
In  miles. 


Elevation 
in  feet. 


14.8 
14.9 

16 
16.4 

"  I 

17.3 
17.5  I 

17.5 

17.7 

18.3 

18.8 

19.1 

19.4 

19.6 

20 

20 

20.5 

20.9 

21 

21.4 

21.5 

21.8 

22 

22 

22 

22 

22.2 

24 

24 

24.1 

24.7 

25.2 

26.2 

27.6 

28 

28 

29.5 

29.9 

30.4 


Surface  of  water 

Leatherwood  Ford,  25  feet  northwest  of,  nail  in  walnut  tree 

Surface  of  water , 

Allbon  Creek,  mouth  of,  surface  of  water 

Surface  of  water , 

Fires  Creek,  mouth  of,  surface  of  water 

Mountain  stream,  mouth  of,  surface  of  water 

Passmore  Ford,  east  side  of  river,  in  center  of  ford  road,  nail  in  root 
of  gum  tree 

Surface  of  water 

Cloud  Fire  Creek,  mouth  of,  surface  of  water 

Surface  of  water 

Betty  Creek,  mouth  of,  surface  of  water 

Head  of  island,  surface  of  water 

Sweetwater  Creek,  mouth  of,  surface  of  water 

Stream,  mouth  of,  surface  of  water 

Shallow  Ford,  15  feet  east  of  river,  nail  in  side  of  birch  tree 

Surface  of  water 

Surface  of  water 

End  of  island,  surface  of  water 

Creek,  mouth  of,  surface  of  water 

Surface  of  water 

Surface  of  water .' 


Backwater  of  Cherokee  dam,  1,500  feet  from,  at  small  rapids,  su> 
face  of  water 


Top  of  Cherokee  dam,  surface  of  water 

Foot  of  dam,  surface  of  water 

Cherokee  dam,  25  feet  southwest  of,  point  of  rock 

Surface  of  water 

Canewater  Ford,  surface  of  water 

Rocky  Branch,  mouth  of,  surface  of  water 

North  edge  of  river,  nail  in  side  of  birch  tree 

Small  rapids,  foot  of,  surface  of  water 

Stream,  mouth  of,  surface  of  water 

Brasstown  Creek,  mouth  of,  surface  of  water 

Island  Ford,  700  feet  east  of,  south  side  of  river,  point  on  rock  . . 

Peachtree  Creek,  mouth  of,  surface  of  water 

Horseshoe  Ford,  surface  of  water 

South  side  of  ford,  nail  in  side  of  beech  tree 

20  feet  north  of  river,  north  side  of  road,  point  on  rock 

Scott  Branch,  mouth  of,  surface  of  water 

Stream,  mouth  of,  surface  of  water 


1,742 

1,749.19 

1,741 

1,741 

1,722 

1,712 

1,708 

1,709.84 

1,707 

1,700 

1,690 

1,685 

1,679 

1,673 

1,668 

1,667.14 

1,663 

1,659 

1,649 

1,642 

1,632 

1,629 

1,624 

1,625 

1,614 

1,616.59 

1,609 

1,606 

1,591.4 

1,594.79 

1,690 

1,586 

1,576 

1,566.56 

1,550 

1,549 

1,553.06 

1,548.70 

1,539 

1.529 


Digitized  by  V^OOQIC 


86  RIVER   SURVEYS    AND   PROFILES   OF    1903.  [xo.  116, 

EUvaHona  on  HiwoBBee  River  from  HiwoMe^  Oa.y  to  Apaiachiaf  N.  C. — Contiiiiied. 


Distance 
in  miles. 


31.3 
31.6 
31.8 
32.1 
32.1 
32.1 
32.1 
32.5 

32.5 

33.6 

34 

34.9 

35.3 

35.3 

35.3 

35.9 

36.5 

37 

37 

37 

38 

39 

40.5 

40.5 

41.2 

42 

42.5 

42.5 

42.9 

44.1 

44.8 

44.8 

45 

46.2 

46.9 

48 

48.8 

48.8 

49.9 

50.4 


Elevation 
in  feet. 


Martin  Creek,  mouth  of,  surface  of  water 1, 520 

Twin  beech  tree,  nail  in  root  of 1, 518. 12 

Stream,  mouth  of,  surface  of  water 1, 513 

Murphy,  N.  C,  iron  bridge,  south  abutment,  point  on  rock 1, 518.  30 


Surface  of  water. 

Bridge  floor 

High  water 


Valley  River,  mouth  of,  west  shore,  20  feet  north  of,  in  water,  point 
on  rock 


Surface  of  water 

Surface  of  water 

Surface  of  water 

Laurel  Creek,  mouth  of,  surface  of  water 

Johnson  Ford,  8  feet  south  of  river,  nail  in  root  of  birch  tree 

Surface  of  water 

High  water 1,481 

Hanging  Dog  Creek,  mouth  of,  surface  of  water I     1, 462 

Surface  of  water 1, 450 

Nottely  River,  mouth  of,  surface  of  water 1, 456 


1,512 

1,531.9 

1,529 


1,506.85 

1,506 

1,499 

1,491 

1,474 

1,471.95 

1,409 


On  land  projecting  between  the  two  rivers,  birch  tree,  nail  in  root  of. 
Nottely  River,  mouth  of,  south  side  of,  willow  tree,  naU  in  root  of. 
Small  rapids,  surface  of  water 


1,450.40 
1,456.93 
1,448 


Beach  Creek,  mouth  of,  surface  of  water 1, 438 


Surface  of  water 

Shallow  Ford,  40  feet  southwest  of  ford,  honey-bee  tree,  nail  in 
root  of 


1,426 

1,431.50 

Surface  of  water 1, 418 

Grape  Creek,  mouth  of,  surface  of  water 1, 416 

Small  shoals,  head  of,  surface  of  water 1, 415 

Small  shoals,  surface  of  water,  foot  of 1 ,  410 

Surface  of  water 1 ,  406 

Persimmon  Creek,  mouth  of,  surface  of  water 1, 391 

Foot  of  large  shoals,  point  on  rock 1 ,  390. 24 

Surface  of  water 1, 381 

Head  of  small  shoals,  surface  of  water 1 ,  379 

Dennest  Creek,  mouth  of,  surface  of  water I  1 ,  365 


Point  on  rock 1,363.58 

Shoals,  surface  of  water 1, 346 

Robertson  Ferr)%  100  feet  below,  point  on  rock 1, 344. 23 

Surface  of  water 1, 343 

Shoals,  surface  of  water '  1, 340 

Creek,  mouth  of,  surface  of  water I  1, 332 
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Elevatimis  on  Hiwassee  River  from  Uiwasseey  Ga.f  to  Apalachiaf  N.  C. — ContiDuod. 


Distance 
in  miles.  ' 


Elevation 
in  feet. 


50. 6     Surface  of  water 1, 329 

61. 2  ,  Chambers  Creek,  mouth  of,  surface  of  water i  1, 324 

51. 2  20  feet  north  of  bank,  point  on  rock \  1, 327. 94 

51. 8  Opposite  island,  surface  of  water t  1, 318 

52.  5  I  Beaverdam  Creek,  mouth  of,  surface  of  water 1, 304 

53      i  Opposite  island,  surface  of  water 1 ,  296 

53. 9  Lared  Creek,  mouth  of,  surface  of  water 1 ,  290 

54.3  Shoals,  surface  of  water 1,285 

54.3     Foot  of  shoals,  surface  of  water 1,277 

M.8     Surface  of  water 1,269 

55.2     Rapids,  surface  of  water 1,259 

56. 9  ,  Anderson  Creek,  mouth  of,  surface  of  water t  1 ,  248 

57. 9  ,  Surface  of  water  (15  feet  above  low  wa|«r) '  1, 240 

58.5  I  Shallow  Ford,  40  feet  south  of,  nail  in  root  of  gum I  1,239.67 

58.5  !  Surface  of  water '  1,234 

58.5  High  water 1  1,241 

58. 6  ,  Foot  of  small  shoals,  surface  of  water '  1, 227 

58.9     Shoals  Creek,  mouth  of ,  surface  of  water I  1,227 

59. 7  Foot  of  small  rapids,  surface  of  water 1, 218 

60. 8  Stream,  south  of,  surface  of  water '  1, 198 

61. 1  Cane  Creek,  mouth  of,  surface  of  water 1, 195 

63        Surface  of  water !  1,178 

64. 2  Camp  Creek,  mouth  of,  surface  of  water 1, 175 

65      I  Kilpatrick  Ferry,  12  feet  south  of,  willow  tree *  1, 175. 14 

65      '  Surface  of  water 1,172 

65. 2     Taylor  Ferry,  60  feet  northwest  of,  edge  of  bank,  point  on  large  rock . .  1 ,  169. 58 

65.2  '  Surface  of  water 1,106 

66.8     Apalachia,  N.C.,Sular  Creek,  mouth  of,  100  feet  from  post-oflice,  ' 

I      5  feet  feet  north  of  bank  of  river,  triple  willow  tree 1 ,  161.  58 

66.8  ,  Surface  of  water ., 1,158 

66.8     High  water 1,168 


NOTTELY  RIVER  BELOW  BLAIRSVILLE,  GA. 

Nottely  River  was  surveyed  from  its  mouth,  SJ  miles  below  Mur- 
phy, N.  C.,  to  Blairsville  Bridge,  near  Blairsville,  Ga.,  a  distance  of 
38  miles.  In  that  distance  there  is  a  fall  of  314  feet.  A  line  of 
secondary  levels  was  run,  based  on  a  primary  bench  mark  of  the 
United  States  Geological  Survey  at  Hiwassee,  Ga.,  and  the  field 
sheets  were  plotted  on  a  scale  of  1 :  22,500.     During  the  course  of  the 
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survey  30  bench  marks  were  established  and  88  water-surface  eleva- 
tions obtained. 

One  mile  above  the  mouth  of  the  river  is  a  24-foot  shoal  1  mile 
long,  where  there  is  an  excellent  solid  rock  dam  site.  At  this  place 
a  dam  would  be  200  feet  long.  Three  and  one-fourth  miles  farther 
up,  at  Hall  Ford,  there  is  a  shoal  with  a  fall  of  33  feet  in  1}  miles, 
with  good  bottom  and  good  sides.  A  dam  would  be  about  350  feet 
long. 
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Fio.  15.— Profile  of  Nottely  River  below  BUkirsville,  Ga. 


1,250 


For  9  miles  above  this  point  the  bottoms  widen  and  are  culti- 
vated on  either  side  for  most  of  the  distance.  The  fall  in  this  sec- 
tion is  a  little  over  3  feet  per  mile. 

One  mile  below  Laudermilk  Ford  there  is  a  shoal  with  a  fall  of 
10  feet  in  three-fourths  of  a  mile  where  a  dam,  with  a  length  of  200 
feet,  could  be  built. 

At  Thompson  Bridge,  at  the  foot  of  a  46-foot  shoal,  3  miles  long, 
is  an  excellent  dam  site.  From  Weazel  Creek  to  Morgan  Ford,  h\ 
miles,  the  river  has  a  fall  of  40  feet,  and  there  are  two  or  three  suit- 
able sites  for  small  dams.  At  Watkins  Bridge  there  is  a  4-foot  dam 
using  all  the  available  power  to  operate  a  gristmiU. 
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From  here  to  Blairsville  Bridge,  the  end  of  the  survey,  the  river 
is  very  much  smaller,  with  a  few  small  shoals,  which,  however,  do 
not  seem  worth  developing. 

The  elevations  in  the  following  list  are  based  upon  a  bronze  tablet 
marked  ^^  1892  Atlanta"  in  the  foundation  wall  at  northwest  comer 
of  Union  County  court-house,  Blairsville,  Ga.,  the  elevation  of  which 
is  accepted  as  1,891.536  feet  above  mean  sea  level.  The  leveling  is 
adjusted  with  the  Hiwassee  River  flying  levels  to  accord  with  the 
1903  adjusted  elevation  of  primary  bench  marks  at  Blairsville  and 
Hiwassee. 

The  leveling  was  done,  under  the  direction  of  Carroll  Caldwell, 
field  assistant,  by  T.  B.  O'Hagan,  levelman. 

Elevations  on  NoUdy  River  from  its  mouth  to  Blairsmttej  Qa, 


Distance  I 
in  miles. 


0.0 

.0 

.3 

.3 
1 
1 
1 

13 
1.5 
1.5 
1.8 
1.8 
2 

2.3 
2.4 
2.6 

2.9  ' 

2.9  [ 

2.9 

4.2 

4.2 

4.9 

t 
5.2 

5.4 

5.5 

5.5 

5.5 


Junction  of  Nottely  and  Hiwassee  rivers,  on  point  of  peninsular, 
nail  in  side  of  birch  tree , 


Surface  of  water 

At  lower  ford,  surface  of  water 

Seventy-five  feet  north  of  lower  ford,  nail  in  root  of  hickory  tree.. . 

Hi^water  mark 

Upper  ford,  50  feet  south  of,  nail  in  root  of  oak  tree 

Surface  of  water 

Surface  of  water 

Surface  of  water 

Surface  of  water 

Deep  Ford,  25  feet  north  of,  nail  in  root  of  black  oak 

Surface  of  water 

Surface  of  water 

High  water 

Head  of  shoals,  surface  of  water 

Surface  of  water,  rain  during  night  raised  1.3  feet  (lower  water 
surface,  1,492.67  feet) 


Elevation 
in  feet. 


Hall  Bridge,  20  feet  west  of,  nail  in  side  of  apple  tree 

Surface  of  water 

High  water 

Davis  Ford,  20  feet  northwest  of,  nail  in  side  of  maple  tree 

Surface  of  water 

Surface  of  water,  on  rock 

Mouth  of  Coombs  Creek,  surface  of  water 

Surface  of  water 

Hall  Ford,  north  edge  of  river,  nail  in  side  of  water  birch  tree. 

Surface  of  water 

High  water , 


1,459.40 

1,454.52 

1,459 

1,466.77 

1,471 

1:474.59 

1,467 

1,477 

1,472 

1,478 

1,487.56 

1,483 

1,489 

1,499 

1,491 

1,493 

1,500.20 

1,493 

1,503 

1,504.43 

1,499 

1,502 

1,505 

1,505 

1,513.02 

1,505 

1,521 
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Elevations  an  Nottdy  River  from  its  mouth  to  Blairsvillt,  Ga. — Continued. 


DiBtance  | 
in  miles. 


5.9 

6 

6.6 

6.9 

7 

7.1 

7.5 

8.6 

8.6 
8.9 

8.9 

9.6 

10.5 

10.9 

11.5 

11.5 

11.7 

12 

12 

12 

12.2 

12.9 

13.3 

13.3 

13.3 

14.2 

15.1 

15.4 

15.6 

16 

16.8 

16.8 
16.8 
17.2 
17.7 
17.8 
17.8 


Mouth  of  branch,  surface  of  water 

Surface  of  water 

Surface  of  water 

Opposite  island,  surface  of  water 

Mouth  of  Rocky  Branch,  surface  of  water. 

Near  old  mill,  surface  of  water 

Surface  of  water 


Nottely  Brid^,  1,800  feet  north  of,  in  old  field  near  bam,  nail  in 
side  of  persimmon  tree 


Elevation 
in  feet. 


Mouth  of  branch,  surface  of  water 

Nottely  Bridge,  100  feet  west  of,  5  feet  south  of  road,  nail  in  side  of 
black  oak  tree 

Surface  of  water 

Surface  of  water 

Mouth  of  Johnson  Branch,  surface  of  water 

Surface  of  water 

Jack  Creek,  900  feet  south  of,  in  bend  of  river,  600  feet  west  and 
600  feet  north  of,  in  cornfield,  nail  in  root  of  dead  peach  tree 

Surface  of  water 

Surface  of  water : 

Anderson  Bridge,  50  feet  west  of,  nail  in  side  of  sycamore  tree 

Surface  of  water 

High  water 

Surface  of  water 

Mouth  of  branch,  surface  of  water 

Ford  (has  no  name ) ,  20  feet  northeast  of,  nail  in  side  of  birch  stump . . 

Surface  of  water 

High  water 

Surface  of  water i 

Surface  of  water 

Laudermilk  Ford,  1 .4  miles  below,  opposite  old  fish  dam.  50  feet  west 
of  river,  near  small  branch,  nail  m  root  of  black  oak  tree 


Surface  of  water 

Surface  of  water 

Laudermilk  Ford,  100  feet  southwest  of,  20  feet  north  of  road,  nail 
in  root  of  apple  tree 

Surface  of  water 

High  water 

Mouth  of  Butler  Creek,  surface  of  water 

Below  fish  dam,  surface  of  water 

Mouth  of  Moccasin  Creek,  surface  of  water , 


Moccasin  Creek,  200  feet  south  of,  35  feet  east  of  river,  east  side  ot 
road,  nail  in  root  of  red  oak  tree 


1,512 
1,520 
1,526 
1,534 
1,535 
1,538 
1,542 

1,550.54 
1,544 

1,560.13 

1,544 

1,547 

1,548 

1,551 

1,571.83 

1,554 

1,555 

1,565.78 

1,556 

1,575 

1,560 

1,561 

1,574.02 

1,562 

1,577 

1,565 

1,568 

1,586.77 

1,573 

1,580 

1,598-19 

1,583 

1,509 

1,585 

1,587 

1,588 

1,602.87 
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Distance 
in  miles. 


18. 
18. 
18. 

18. 
18. 
19. 
19. 
20. 
20. 
20. 
21 
21. 

21. 
21. 
21. 
21. 
22. 
23 
23. 
23. 
23. 

24. 
24. 
24. 
25 
25. 
25. 
25. 
25. 
26. 
26. 

26. 
26. 
26. 
26. 
27. 
27. 
27. 
27. 


Mouth  of  branch,  surface  of  water , 

Mouth  of  Dooley  Creek,  surface  of  water , 

Thompson  Bridge, 250  feet  south  of,  100  feet  southeast  of  road,  nail 
in  root  of  red-oak  tree 


Surface  of  water 

High  water 

Surface  of  water 

In  shoals,  surface  of  water 

Above  fish  dam,  surface  of  water 

Head  of  fish  dam,  surface  of  water 

Foot  of  island,  in  shoals,  surface  of  water. 
Surface  of  water 


Chapman  Ford,  150  feet  north  of,  2  feet  east  of  road,  nail  in  root  of 
walnut  tree 


Surface  of  water 

High  water 

Just  below  fish  dam,  surface  of  water 

Mouth  of  Camp  Creek,  surface  of  water. . 

Above  shoals,  surface  of  water 

Mouth  of  Weasel  Creek,  surface  of  water. 

Mouth  of  branch,  surface  of  water 

In  shoals,  surface  of  water 


Chamber  Ford,  0.4  mile  northeast  of,  northwest  side  of  river,  point 
on  edge  of  rock 


8 
8 

2 
2 
2 

2 
2 
5 
8 
3 
6 

6 
8 
8 
8 
3 
3 
5 
8 
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Chamber  Ford,  200  feet  west  of,  nail  in  root  of  walnut  tree. 

Surface  of  water 

High  water 

Above  small  shoals,  surface  of  water 

Chastain  Ford,  50  feet  west  of,  nail  in  side  of  walnut  tree 

Surface  of  water 

Foot  of  large  shoals,  surface  of  water 

Mouth  of  Ivylog  Creek,  head  of  shoals,  surface  of  water 

Near  house,  surface  of  water 


Majners  Ford,  75  feet  west  of,  on  edge  of  bank,  nail  in  side  of  corn- 
bean  tree 

Surface  of  water 

Meadow  Ford,  15  feet  north  of,  nail  in  root  of  beech  tree 

Surface  of  water 

High  water 

Huggins  Ford,  25  feet  north  of,  com  bean  tree,  nail  in  side  of 

Surface  of  water 

Shoals,  surface  of  water 

Surface  of  water 


Elevation 
in  feet. 


1,591 
1,591 

1,611.01 

1,502 

1,601.53 

1,599 

1,611 

1,017 

1,619 

1,624 

1,630 

1,645.81 

1,634 

1,644 

1,638 

1,639 

1,652 

1,655 

1,656 

1,657 

1,675.88 

1,671.49 

1,661 

1,678 

1,669 

1,683.45 

1,669 

1,675 

1,680 

1,685 

1,600.8 

1,687 

1,699.17 

1,689 

1,703 

1,707.82 

1,692 

1,694 

1,( 
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Elevations  on  NoUely  River  from  its  mouth  to  Blairsvillei  Ga. — Continued. 


Distance 
in  miles. 


27.9 

28.4 

28.4 

29 

29 

29.1 

29.4 

30 

30.3 

30.3 

30.8 

31.1 

31.4 

31.4 

31.5 

31.9 

31.9 

31.9 

32.2 

33 

33.6 

33.6 

33.6 

33.6 

34.5 
34.5 
35 
35.9 

36.9 
35.9 
37.2 


Above  shoals,  surface  of  water 

Moi^gan  Ford,  40  feet  north  of,  red-K)ak  tree 

Surface  of  water 

Mouth  of  Young  Cane  Creek,  surface  of  water 

Mouth  of  Castile  Creek,  surface  of  water 

Castile  Creek,  1,600  feet  above,  on  rock,  edge  of  river,  point  on  rock. . 

Above  rapids,  surface  of  water 

Above  fish  dam,  surface  of  water 

McBee  Ford,  60  feet  north  of,  nail  in  side  of  red  oak 

Surface  of  water 

Above  branch,  surface  of  water 

Mouth  of  Reece  Creek,  surface  of  water 

Youngs  Ford,  80  feet  southwest  of,  red-K)ak  tree 

Surface  of  water 

Millbum  Creek,  just  below,  surface  of  water 

At  canal,  surface  of  water  at  foot  of 

Head  of  canal,  surface  of  water 

Canal  cut,  50  feet  northeast  of  river,  15  feet  southwest  of  ford,  nail 
in  root  of  red-K)ak  tree  (cut  has  a  drop  of  3.6  feet) 

Above  small  rapids,  surface  of  water 

Mouth  of  creek,  surface  of  water 

Watkins  Bridge,  375  feet  above,  north  edge  of  river,  point  on  rock 

Surface  of  water 

Jarrett  milldam,  foot  of,  surface  of  water 

Jarre tt  milldam,  head  of,  surface  of  water  (Jarrett  milldam  has  a 
drop  of  3.79  feet) 

Reeds  Ford,  150  feet  east  of,  nail  in  root  of  walnut  tree 

Surface  of  water 

Above  small  rapids,  surface  of  water 

Blairsville  Bridge,  100  feet  southeast  of,  mouth  of  Butternut  Creek, 
15  feet  north  of,  nail  in  side  of  red-oak  tree 

Surface  of  water 

High  water 

Blairsville  court-house,  Union  County,  Ga.,  in  wall  on  west  side  of 
building,  bronze  tablet 


Elevation 
in  feet. 


1,698 

1,714 

1,702 

1,699 

1,709 

1,714.20 

1,715 

1,718 

1,734.37 

1,721 

1,723 

1,724 

1,741.02 

1,727 

1,730 

1,732 

1,735 

1,741.26 

1,739 

1,743 

1,747.54 

1,747 

1,748 

1,752 
1,766.24 
1,755 
1,760 

1,775.94 

1,769 

1,783 

1,891.536 


TOCCOA  RIVER  BELOW  DIAL,  GA. 

Toccoa  River  was  surveyed  from  Butts  Bridge,  3  miles  east  of  Dial, 
Ga.,  to  the  Tennessee  State  line,  near  McCays,  Tenn.  In  the  36  miles 
surveyed  there  is  a  fall  of  414  feet.  A  Une  of  secondary  levels  was  run, 
based  on  the  primary  bench  mark  of  the  United  States  Geological 
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Survey,  three-fourths  of  a  mile  northeast  of  Butts  Bridge.  The  field 
sheets  were  plotted  on  the  scale  of  1 :  22,500,  and  during  the  course  of 
this  survey  27  bench  marks  were  established  and  94  water-surface 
elevations  were  obtained. 

Toccoa  River  flows  in  a  northwesterly  direction,  and  after  crossing 
the  Tennessee  State  line  is  known  as  Ocoee  River.  Between  Pigeon 
Creek  and  Dial  Bridge  there  is  a  shoal,  with  a  fall  of  21  feet  in  IJ  miles. 
There  are  good  foundations  for  a  dam  250  feet  long. 

From  upper  Big  Creek  to  Shallow  Ford,  3  miles,  there  is  a  fall  of  55 
feet  in  an  almost  continuous  shoal.  There  are  several  available  power 
sites,  and  building  material  is  easily  accessible.     From  Shallow  Ford 

2, 00  J 
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Miles      35  30  25  20  15  10 

Fio.  16.— Profile  of  Toccoa  River  below  Dial,  Oa. 


1,250 


to  Wilscot  Creek,  1\  miles,  the  river  has  an  average  fall  of  18  feet  per 
mile.  There  are  several  excellent  sites  where  there  is  hard  rock  on 
either  side. 

From  Wilscot  Creek  to  Charlie  Creek  there  is  an  average  fall  of  14 
feet  per  mile,  with  several  fine  shoals  having  steep  hills  and  good  hard 
bottom. 

Eleven  miles  down  the  river,  at  Galloway,  Ga.,  there  is  a  shoal  with 
a  fall  of  1 0  feet  in  half  a  mile.  This  would  be  a  good  site  for  a  small  dam. 
From  one-half  mile  below  Galloway  to  McCays,  Tenn.,  6  miles,  the 
river  has  a  fall  of  60  feet,  with  several  good  power  sites. 
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The  elevations  in  the  following  list  are  based  upon  an  aluminum 
tablet  at  the  Washington  street  entrance  of  the  State  capitol  building 
at  Atlanta,  marked  '^1050  M  C,"  the  elevation  of  which  is  now 
accepted  as  1,049.546  feet  above  mean  sea  level.  They  accord  with 
the  1903  adjusted  elevations  of  primary  bench  marks  near  Morgan  ton 
and  Shallow  Ford.  The  section  from  Shallow  Ford  to  McCays  Ferry 
is  a  single  spur  line. 

The  leveling  was  done  under  the  direction  of  Carroll  Caldwell,  field 
assistant,  by  T.  B.  O'Hagan,  levelman. 

Elevations  on  Toceoa  River  from  Butts  Bridge,  Georgia,  to  Tennessee  State  line. 


Distance 
in  miles. 


0.0 

1.5 
1.5 
1.5 
2 

2 

2.3 

2.5 

2.9 

3.1 

3.1 

3.1 

4 

4 

4.2 

4.2 

4.7 

5.1 

5.2 

5.2 

5.2 

6.7 

5.9 

6.1 

6.4 

6.4 

7 

7.1 


Elevation 
in  feet. 


Morganton  (3  miles  east  of  Dial),  forks  of  Morgan  ton  and  Ellijay  ' 

road,  in  large  marble  rock,  copper  bolt  marked  *  *  1981 '  * i  1, 947. 821 

Butts  Bridge,  surface  of  water 1, 858 

Butts  Bridge,  east  side  of,  nail  in  top  of  abutment 1, 874. 25 

High-water  mark '  1 ,  870 

Pigeon  Creek,  550  feet  east  of,  north  side  of  road,  60  feet  north  of 

river,  point  on  rock 1, 858. 35 

Mouth  of  Pigeon  Creek,  surface  of  water '  1 ,  849 

Between  rapiids,  surface  of  water i  1, 845 

Foot  of  shoals,  surface  of  water 1, 840 

Mouth  of  Weeks  Creek,  foot  of  rapids,  surface  of  water 1, 830 

Dial  post-office,  Van  Zant's  bridge,  100  feet  north  of,  east  side  of 

road,  nail  in  root  of  red-oak  tree 1, 844. 68 

Surface  of  water 1, 828 

H  igh- water  mark '  1,851 

Mouth  of  Noontootly  Creek,  surface  of  water |  1, 823 

Mouth  of  branch,  surface  of  water 1, 821 

Rogers  Ford,  50  feet  west  of,  nail  in  root  of  tree 1 ,  825. 14 

Surface  of  water i  1,^0 

Surface  of  water '  1 ,  815 

In  rapids,  surface  of  water '  1 ,  813 

Big  Creek  Ford,  225  feet  southeast  of,  50  feet  south  of  river,  nail  in 

root  of  white-oak  tree 1, 817. 74 

Surface  of  water 1, 810 

In  rapids,  surface  of  water 1, 809 

Above  rapids,  surface  of  water !  1, 802 

Below  fish  dam,  surface  of  water 1, 799 

Head  of  shoals,  surface  of  water 1 ,  795 

Foot  of  shoals,  surface  of  water 1 ,  791 

Surface  of  water 1 ,  790 

Surface  of  water 1 ,  7S2 

Shallow  Ford,  1  mile  north  of,  north  side  of  road,  in  large  rock,  cop- 
per bolt  marked  "1859'' 1  1,826.439 
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Elevations  on  Toccoa  River  from  Butts  Bridge ,  Georgia f  to  Tennessee  Sicte  line — Continued. 


Distance 
InmUes. 


7.1 
7.6 
8.1 
8.1 
8.1 
8.3 
8.6 
8.8 
9.1 
9.3 
9.5 
9.9 

10 

10.2 

10.2 

10.2 

10.7 

11 

11.2 

11.5 

11.6 

11.8 

11.8 

11.9 

12 

12.9 

13.3 

13.4 

13.4 

14 

14.6 

14.6 

14.7 

16.2 

15.4 

15.8 

16     ' 

16.8 


Elevation 
!      in  feet. 


Single  flying  level  spur  line  to  McCays  Ferry, 

Below  rapids,  surface  of  water 

In  rapids,  surface  of  water 

Shallow  Ford,  100  feet  north  of,  nail  in  root  of  red-oak  tree 

Surface  of  water 

High-water  mark 

In  rapids,  surface  of  water 

Surface  of  water 

Mouth  of  Stanley  Creek,  surface  of  water 

Rapids,  surface  of  water 

Mouth  of  stream,  surface  of  water 

Below  rapids,  surface  of  water 

Stanley  Creek,  1  mile  northwest  of,  opposite  island;  north  side  of 
river,  point  on  rock 

In  rapids,  surface  of  water 

Opposite  falls  in  river,  «50  feet  north  of  first  falls,  point  on  large  rock. . 

Head  of  falls,  surface  of  water 

Foot  of  falls,  surface  of  water 

Mouth  of  branch,  surface  of  water 

Below  rapids,  surface  of  water 

Mouth  erf  Flat  Creek,  surface  of  water 

In  rapids,  surface  of  water 

Surface  of  water 

Head  of  long  shoals,  surface  of  water 

Rock  cliff,  south  side  of  river,  opposite  large  shoak,  point  in  side  of . 

Head  of  island,  in  shoals,  surface  of  water 

Foot  of  island,  in  shoals,  surface  of  water 

In  shoals,  surface  of  water 

Fo6t  of  lai^  shoals,  surface  of  water 

Below  rapids,  head  of  more  shoals,  surface  of  water 

In  rapids,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Mouth  of  Persimmon  Creek,  surface  of  water 

Persimmon  Creek,  300  feet  east  of,  west  side  of  river,  nail  in  root  of 
large  dead  stump 

Below  fish  dam,  surface  of  water 

Mouth  of  stream,  surface  of  water 

Mouth  of  Wilscot  Creek,  surface  of  water 

In  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

In  rapids,  surface  of  water 


1,779 

1,769 

1,774.93 

1,763 

1,774 

1,758 

1,755 

1,752 

1,747 

1,743 

1,738 

1,738.77 

1,729 

1,744.02 

1,728 

1,719 

1,717 

1,709 

1,705 

1,691 

1,690    / 

1,689 

1,692.11 

1,679 

1,677 

1,665 

1,650 

1,656 

1,646 

1,640 

1,633 

1,638.06 

1,629 

1,624 

1,624 

1,616 

1,609 

1,602 
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Elevations  on  Toeeoa  River  from  BuUb  Bridge,  Georgia,  to  Tennessee  State  line — Continued. 


DisUnce 
inmilM. 


8 

16.9 

17.1 

17.3 

17.3 

17.6 

18.2 

18.3 

18.8 

19 

19.6 

20 

20 

20 

20 

21.5 

21.6 

22 

22.4 

22.4 

22.9 

23.5 

23.6 

23.9 

23.9 

25.2 

25.5 

25.5 
25.5 
26.6 
26.8 

26.8 

28 

28.8 

28.8 
29.6 
30 


Single  flying  level  spur  line  to  MeCays  Ferry — Ck)n tinned. 

Wilscot  Creek,  1.5  miles  northwest  of,  rock  clifT,  18  feet  north  of 
river,  point  on  very  lai^  rock 

In  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Tarpley  Ford,  surface  of  water 

Tarpley  Ford,  20  feet  west  of,  nail  in  root  of  beech  tree 

In  rapids,  surface  of  water 

Mouth  of  creek,  surface  of  water 

Surface  of  water 

Mouth  of  creek,  surface  of  water 

Mouth  of  Bullfrog  Creek,  surface  of  water 

Surface  of  water 

Mouth  of  Charlie  Creek,  surface  of  water 

Lovingood  Ford,  300  feet  northeast  of,  nail  in  side  of  walnut  tree  . . . 

Surface  of  water 

High-water  mark 

Mouth  of  Star  Creek,  surface  of  water 

Below  fish  dam,  surface  of  water , 

Mouth  of  Rogers  Branch,  surface  of  water 

Toccoa  Bridge,  surface  of  water 

Toccoa  Bridge,  10  feet  east  of,  nail  in  root  of  beech  tree 

Mouth  of  spring  stream,  surface  of  water 

Below  small  rapids,  surface  of  water 

Mouth  of  Weavers  Creek,  surface  of  water 

At  Benchlog  Ford,  surface  of  water 

Benchlog  Ford,  20  feet  northeast  of,  nail  in  side  of  beech  tree 

Large  bend  in  river,  surface  of  water 

Atlanta,  Enoxville  and  Northern  Railroad  bridge,  east  side  of  bridge 
abutment,  point  on  rock 

Surface  of  water 

High-water  mark 

Mouth  of  branch,  surface  of  water 

Harts  Ford,  100  feet  west  of,  stump  on  edge  of  bank  at  canoe  land- 
ing, nail  in  side  of 

Surface  of  water 

Surface  of  water 


Bakers  Ford,  100  feet  southeast  of,  on  edge  of  bank,  nail  in  side  of 
birch  tree. 


Surface  of  water 

Surface  of  water 

Bend  of  river,  surface  of  water. 


Eleratiflo 
In  feet. 


1,608.96 

1,600 

1,596 

1,593 

1,598.30 

1,589 

1,576 

1,571 

1,568 

1,565 

1,559 

1,555 

1,564.61 

1,554 

1,569 

1,550 

1,548 

1,547 

1,546 

1,557.64 

1,540 

1,539 

1,538 

1,538 

1,543.47 

1,528 

1,536.79 
1,526 
1,541 
1,519 

1,521.90 

1,516 

1,510 

1,515 
1,507 
1,504 
1,502 
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Elevaiiona  on  Toccoa  River  ]rom  Butts  Bridge y  Georgia,  to  Tennessee  State  line — Continued. 


Distance 
in  miles. 


30.2 
30.9 
30.0 

31.2 
31.5 
32.1 

32.1 

32.5 

32.8 

33.7 

34 

34.5 

34.6 

34.6 
35 
35.4 
35.8  , 

35.8  ' 
36.1 
36.3  I 
36.3  I 
37.5  I 

37.5  ! 

37.5 
.>7.  5 


Single  flying  level  spur  line  to  McCays  Ferry — Continued. 

Surface  of  water 

Mouth  of  Sugar  Creek,  surface  of  water 

Sugar  Creek  railroad  bridge  abutment,  point  in  center  of  east  side 
of  bridge 

Below  Galloway  Ford,  surface  of  water 

In  shoals,  surface  of  water 

200  feet  northwest  of  ford,  4  feet  southeast  of  Atlanta,  Knoxville 
and  Northern  Railroad  track,  nail  in  side  of  peach  tree 

Surface  of  water 

Canoe  Landing,  surface  of  water 

Hothouse  Creek,  mouth  of,  surface  of  water 

Foot  of  small  shoals,  near  island,  surface  of  water 

Mouth  of  Barker  Creek,  surface  of  water 


Kyle  post-office,  600  feet  east  of,  Atlanta,  Knoxville  and  Northern 
Railroad  bridge  over  Barker  Creek,  on  southeast  end  of,  end  bolt. . 

Kyle  poet-office,  40  feet  south  of,  in  front  of  Queen  Brothers'  store, 
pile  supporting  platform,  nail  in  top  of 


Kyle  ford,  surface  of  water 

Below  rapids,  surface  of  water 

Mouth  of  Wolf  Creek,  surface  of  water 

Atlanta,  Knoxville  and  Northern  Railroad  bridge  over  Ocoee  River, 
east  side  of  bridge,  point  on  abutment 

Surface  of  water 

In  bend  of  river,  surface  of  water 

Dillbeck  Ford,  north  edge  of  river,  nail  in  side  of  dead  birch  tree . . . 

Surface  of  water 


McCays  poet-office,  Polk  County,  Tenn.,  rock  supporting  southwest 
comer  of,  point  on 


McCays  Ferry,  north  side  of  river,  pile  supporting  swinging  bridge, 
cartridge  shell  in  top  of 

High-water  mark 

Surface  of  water 


Elevation 
in  feet. 


1,498 
1,494 

1,508.32 

1,592 

1,589 

1,562.69 

1,484 

1,479 

1,476 

1,467 

1,464 

1,482.43 

1,483.62 
1,463 
1,458 
1,455 

1,471.98 

1,452 

1,450 

1,451.87 

1,447 

1,468.07 

1,460.15 

1,469 

1,444 


CHIPPEWA    RIVER    FROM    REEDS    LANDING,    MINNESOTA,    TO 

FLAMBEAU.  WIS. 

Between  April  15  and  June  12,  1903,  J.  R.  Ellis,  field  assistant, 
ran  a  careful  double-rodded  primary-level  line  along  the  Chippewa 
River  from  Reeds  Landing,  Minnesota,  to  Chippewa  Falls,  Wis.  This 
work  was  under  the  general  direction  of  J.  H.  Renshawe,  geographer 
in  charge  of  the  central  section  of  topography.  Later  in  the  year  it 
was  decided  to  continue  this  work  above  Chippewa  Falls,  and  on 


Digitized  brV^OOQlC 


98 


RIVER   SURVEYS    AND    PROFILES    OF    1903. 


[NO.  115. 


September  1  the  central  and  eastern  sections  having  united  as  the 
eastern  section  of  topography,  H.  M.  Wilson,  geographer  in  charge, 
assigned  F.  T.  Fitch,  field  assistant,  to  this  work.  Between  that 
date  and  October  4  Mr.  Fitch  ran  a  line  of  flying  levels  accompanied 
by  a  plane-table  stadia  traverse  and  topographic  sketching  from 
Chippewa  Falls  to  Flambeau,  Wis. 


Fio.  17«— Map  showing  location  of  surveys  in  Wisconsin. 

This  level  work  is  based  on  a  bench  mark  of  the  Mississippi  River 
Commission  at  Reeds  Landing,  and  the  distances  were  obtained 
by  pacing.  No  plane-table  survey  of  the  river  was  undertaken. 
In  this  section,  64  miles  in  length,  there  is  a  fall  of  135  feet.  Eleven 
bench-mark  tablets  and  70  temporary  bench  marks  were  established, 
and  72  water-surface  elevations  were  determined. 

While  the  survey  was  being  made  the  stage  of  the  river  fluctuated 
greatly,  owing   to  rains  and   to   alternate   flooding   and   stoppage 
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of  the  stream  by  various  lumber  companies.  This  diversion  of  the 
water  is  the  cause  of  much  complaint  by  the  various  mill  owners, 
many  of  whom  want  a  system  of  reservoirs  constructed  near  the 
headwaters  to  regulate  the  water  supply. 

Owing  to  the  slight  fall,  the  width  of  the  stream,  and  the  wide 
bottom  lands,  there  are  no  opportunities  for  power  development 
upon  the  Chippewa  above  Reeds  Landing  until  the  city  of  Eau  Claire 
is  reached. 

On  Eau  Claire  River,  a  few  hundred  feet  above  its  junction  with 
the  Chippewa  at  Eau  Claire,  is  a  13-foot  dam  300  feet  long,  which 
furnishes  power  for  a  linen  mill.  A  few  miles  above  the  city  of 
Eau  Claire  on  Chippewa  River  the  Dells  Paper  Company  has  a  20- 
foot  dam  which  might  be  raised  3  or  4  feet  by  the  use  of  flashboards. 
There  are  no  power  sites  on  Chippewa  River  until  the  city  of  Chip- 
pewa Falls  is  reached,  but  there  are  good  prospects  of  developing 
power  on  several  of  the  tributaries  between  these  cities. 

From  Chippewa  Falls  to  Flambeau  the  stadia  survey  of  the  river 
and  adjacent  banks  was  plotted  on  a  scale  of  1:22,500.  In  this 
distance,  43  miles,  there  is  a  total  fall  of  244  feet.  Seven  bench 
marks  were  established  and  40  water-surface  elevations  were  deter- 
mined. 

At  Chippewa  Falls  a  wooden  13-foot  dam,  owned  by  the  Chippewa 
Falls  Lumber  and  Boom  Company,  increases  the  head  to  30  feet  and 
supplies  power  for  a  lai^e  sawmill,  and  an  electric  plant  which  furnishes 
the  city  of  Chippewa  Falls  with  water  and  Ught.  This  dam  could 
be  made  higher,  as  the  local  conditions  are  favorable,  but  this  would 
interfere  with  a  proposed  plant  at  Paint  Creek  Rapids,  2^  miles  up- 
stream, to  which  point  the  water  now  backs  up.  Here  there  was 
formerly  a  flooding  dam,  but  a  freshet  cut  a  channel  around  it  to 
the  north,  and  the  dam  has  since  been  torn  out.  A  14-foot  dam 
could  be  constructed  at  the  foot  of  the  rapids  where  the  banks  and 
bed  of  the  river  are  sand  intermingled  with  large  bowlders.  Abund- 
ant stone  for  construction  is  near  at  hand. 

At  Eagle  Rapids,  4^  miles  upstream,  is  a  good  site  for  a  dam. 
A  dam  here  was  torn  out.  A  20-foot  dam  would  back  water  three- 
fourths  of  a  mile  above  the  city  of  Chippewa,  where  O'Neils  Creek 
enters  from  the  west.  One  mile  above  O'Neils  Creek  is  a  gorge 
700  feet  wide.  A  25-foot  dam  would  have  solid  sandstone  for 
foundation  and  abutments  and  would  back  water  almost  to  the 
foot  of  Jim  Falls,  5  miles  above.  At  the  small  village  of  Jim  Falls, 
near  the  site  of  an  old  flooding  dam,  is  the  best  opportunity  for  power 
development  on  the  river.  This  point  is  now  under  development, 
the  company  having  purchased  all  the  land  needed  as  well  as  the 
water  rights.  The  river  flows  over  a  series  of  granite  ledges  from 
1  to  4  feet  high,  while  the  banks  seem  to  be  solid  rock  covered  by  a 
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few  feet  of  sandy  soil.  The  proposed  dam  will  be  28  feet  high  and 
will  be  located  at  the  head  of  the  rapids.  It  will  furnish  power  for  a 
pulp  mill.  The  dam  will  back  water  nearly  to  Bruime  Falls,  9J 
miles,  and  covers  the  Colton  and  Chevalley  rapids.  The  head 
obtained  by  this  dam  will  be  55  feet. 

At  Bruime  Falls  the  best  location  for  a  dam  would  be  at  the  main 
.  fall,  about  650  feet  above  the  foot  of  the  rapids,  where  a  35-foot  dam 
would  back  the  water  up  to  the  rapids  at  Holcombe,  5§  miles.  The 
river  at  the  falls  is  very  narrow,  and  at  the  point  mentioned  the  banks 
are  ledges  of  rock.  A  rocky  island  in  the  river  would  help  in  the 
construction  a  good  deal. 

At  Holcombe  the  Chippewa  Falls  Lumber  and  Boom  Company 
has  an  old  dam  with  a  head  of  about  17  feet.  This  is  the  third  dam 
they  have  built  there,  the  others  having  been  washed  out  by  freshets. 
As  the  lumber  interests  in  this  locality  are  declining,  the  present 
dam  is  being  allowed  to  decay,  and  could  be  replaced  with  a  more 
substantial  structure  for  power  purposes.  The  river  here  has  a  rock 
bottom  and  rather  low,  clay  sides,  and  an  18-foot  dam  could  be 
constructed  on  the  site  of  the  present  structure,  which,  together 
with  a  15-foot  dam  at  the  foot  of  the  rapids,  would  not  destroy  any 
more  valuable  bottom  lands  above.  This  would  back  the  water  up 
for  more  than  a  mile  above  Deer  Tail  Creek  and  furnish  con- 
siderable storage.  From  here  to  Flambeau,  the  end  of  the  survey, 
there  are  no  rapids  of  any  consequence. 

There  are  two  railway  bridges  and  a  highway  bridge  across  the 
river  at  Chippewa  Falls  and  another  road  bridge  just  below  Eagle 
Rapids.  There  are  but  few  boats  on  the  river,  as  during  the  log- 
driving  season  boats  would  be  crushed. 

The  lumbering  operations,  which  are  on  the  decline,  are  controDed 
by  the  Chippewa  Falls  Lumber  and  Boom  Company,  with  head- 
quarters at  Chippewa  Falls,  a  thriving  city  of  about  10,000  popula- 
tion, where  there  are  a  number  of  factories  and  mills.  About  ten 
miles  above  is  the  city  of  Chippewa,  at  one  time  the  most  promising 
town  in  the  neighborhood,  but  now  little  more  than  a  hamlet.  At 
Jim  Falls  there  is  a  village,  but  Holcombe  is  the  only  town  of  any 
importance  above  Chippewa  Falls.  Several  railroad  lines  are  being 
built  in  this  section,  and  the  agricultural  and  manufacturing  interests 
are  supplanting  the  lumber  industry,  while  the  land  is  generally 
taken  up  by  settlers  wherever  the  lumber  has  been  cut,  so  that  no 
second-growth  timber  is  coming  up.  The  whole  community  seems 
very  prosperous,  while  numerous  companies  are  on  the  point  of 
investing  capital  in  the  manufacturing  interests  in  the  neighbor- 
hood. 

The  elevations  of  water  surfaces  of  the  river  are  dependent  on 
the  following  table  of  daily  gage  readings  by  the  Chippewa  Falls 
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Lumber  and  Boom  Company  from  a  gage  on  the  highway  bridge  at 
Chippewa  Fails.  The  elevation  of  the  zero  of  gage  is  804.8  feet 
above  sea  level.  The  gage  height  of  the  highest  water  known  had 
an  elevation  of  831.4  feet  above  sea  level. 

Goge  height  of  Chippetoa  River  at  Chippevxi  Falls. 


May  1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12- 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25.. 
26.. 
27. 
28.. 
29. 
30.. 
31.. 
June  1.. 

2.. 
3.. 

4.. 

6.. 


Date. 


Height. 


Ft.  In. 
8  10 
8      6 


5 

6 

8 

11 

12 

11 

10 

8 

7 

6 

5 

4 


6  8 
5  6 
5      6 


9 
4 
8 
0 
5 
8 
3 
8 
10 
6 
9 
9 


Date. 

Height. 

June  6 

Ft.     In. 
3     10 

7 

2      2 

8 

2      6 

9 

3      0 

10 

2      9 

11 

2      6 

12 

2      6 

13 

2      2 

14 

15 

1      6 

16 

I      6 

17 

1      6 

18 

1      3 

19 

0      6 

20 

2      6 

21 

22 

1      0 

23 

1      3 

24 

1      0 

25 

0      9 

26 

0      9 

27 

0      9 

28 

29 

1      6 

30 

1     10 

July    1 

3      8 

2 

4     10 

3 

5      7 

4 

9      6 

5 

10      6 

6 

10      3 

7 

9      0 

8 

7      9 

9 

6      9 

10 

5      1 

11 

6      0 
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Oage  height  of  Chippewa  River  ai  Chippewa  Falls — Continued. 
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July  12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
Aug.    1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 


Data. 


Height. 

Ft.     In. 
6      0 


6 
9 
6 
4 
0 
3 
6 
0 
9 
6 
3 
3 
9 
6 
10 
8 
0 
3 
2 
6 


3 

0 

2 

6 

2 

0 

1 

6 

1 

6 

Date. 


Aug.  22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

Sept.  1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

Oct.    I 


Height. 


FU      In. 
1        9 

1        9 



1       9 

1       9 



1       9 

\ 

2       0 



2      3 

1, 

2      6 

2      3 

2      3 

2      9 

2      3 

2      0 



2      3 



2      6 

\ 

2      8 

) *. 

4      0 

) 

4      4 

5      1 

7      0 

7      8 

9      6 

12      4 

13      3 



12      6 



11      0 



9      6 

8      6 



7      3 

6      4 

5      6 

4      6 

3      3 



3      3 

3      3 

3      4 

3      3 

. .    . 

3      3 

3      3 
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Gage  height  of  Chip 
Date. 

ypeioa  River  at  Chippeuxi  FaUs — Continued. 

Height. 

1                    Date. 

Height. 

Ft.     In. 

1 

Ft.      In. 

Oct.    2.... 

3      3 

Oct.    5 

7     10 

3.... 

3      6 

6 

8      1 

4.... 

5      9 

i            7 

8      0 

The  elevations  in  the  following  list  are  based  upon  a  bronze  tablet, 
marked  "797  E.  C,"  at  southwest  comer  of  the  court-house  at  Eau 
Claire,  Wis.,  the  elevation  of  which  is  accepted  as  797.473  feet  above 
mean  sea  level.  The  initial  point  upon  which  these  levels  depend  is 
bench  mark  ''Bottom,*'  of  the  Missouri  River  Commission,  opposite 
Reeds  Landing,  Minnesota,  the  elevation  of  which  is  accepted  as 
672.355  feet  above  mean  sea  level.  These  elevations  accord  with 
the  1903  adjustment  of  the  precise-level  net. 

Permanent  bench  marks  dependent  on  this  datum  are  marked  with 
the  letters  "  E.  C.**  in  addition  to  the  figures  of  elevation. 


Mile«       40  36  30  25  20  16  10  5  0 

Pio.  18.  Profile  of  Chippewa  River  from  Reeds  Landing,  Minnesota,  to  Flambeau,  Wis. 

Elevatums  on  Chippewa  River  from  Reeds  Landing,  Minnesota,  along  Chicago,  Milwaukee 
and  St.  Pavl  Railroad,  to  Chippewa  Falls,  Wis. 


Distance 
in  miles. 

Elevation 
In  feet. 

0.0 

Reeds  Landing,  Minnesota  (Miss.  River  Commission  bench  mark 
** Bottom"),  tile  and  iron  pipe  in  low  flat  ground,  opposite,  220 
meters  from  left  bank  of  river,  in  property  of  Mrs.  C.  S.  Richards, 
45  meters  west  of  Chicago,  Milwaukee  and  St.  Paul  Railroad  trestle 
to  bridge,  205  meters  south  vest  of  end  of  trestle  and  small  pond. . 

672.355 
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Elevations  on  Chippewa  River  from  Reeds  Landing^  Minnesota,  along  Chicago^  MihoauJcu 
and  St.  Paul  Railroad^  to  Chippeuxi  Falls,  Wis. — Continued. 


Distance 
inmilM. 


0.5 
1.4 

1.4 

1.9 
2.6 

2.6 
3.2 
3.5 

3.5 
3.6 
3.8 

4.3 

4.5 
4.5 
0 

5.5 
5.8 
6.2 
6.6 
6.7 
7.4 

7.4 

7.9 

7.9 

8 

8.5 

8.5 

9 

9 

9.6 

9.6 

10.3 


High  water  in  back  water  of  slough 

Trevin'Sf  at  grade  crossing  Burlington  and  Chicago,  Milwaukee  and 
St.  Paul  railroads,  top  of  rail 

15  feet  northwest  of  intersection  of  grade  crossing,  spike  in  telegraph 
pole 


15  feet  northwest  of  end  of  trestle,  nail  in  top  of  fence  poet 

Lone  narrow  island,  lower  end  of,  left  bank  of  river,  birch  tree,  nail 
in  root  of 


High  water 

Private  road  crossing,  top  of  rail , 

Government  dam,  300  feet  below,  opposite  north  end  of  small  island, 
left  bank  of  river,  water  maple,  nail  on  notch 

High  water , 

300  feet  north  of  rapids,  high  water 

Wancuda  Island,  0.25  mile  below  north  end  of,  left  bank  of  river, 
notch  cut  on  elm  tree,  nail  in 


North  end  of  QovemmoDt  dam,  100  feet  below,  left  channel,  surface 
of  water 


165  feet  east  of  river,  water  maple  tree,  notch  cut  in. 
Surface  of  water 


Near  north  comer  of  C.  W.  Knight's  yard,  in  top  of  limestone  8  by 
10  by  26  inches,  set  25  inches  in  ground,  bronze  tablet  marked 
**682E.C." 


Opposite  trestle  32  H,  surface  of  water 

Old  Battle  Slough  station,  in  west  side  of  switch  stand,  spike 

Surface  of  water  (river  about  1  foot  above  ordinary  stage) 

Bridge  No.  38  M,  50  feet  south  of,  west  side  of  dump,  cross  on  stone. . 

Bridge  No.  42  M,  private  road  crossing  south  of,  top  of  rail 

Bridge  No.  50  M,  at  south  end  of,  east  side  of  track,  nail  in  cross  cut 
in  cap 

Surface  of  water 

Private  crossing,  top  of  rail 

Surface  of  water 

Second  telegraph  pole  north  of  slough,  spike  in 

Elm  tree  on  left  bank  of  river,  nail  in  notch  cut  in 

Surface  of  water  (1 .9  feet  higher  than  stage  observed  nearer  mouth) . 

Trestle  No.  60  M,  top  of  rail 

Surface  of  water 

Maxwell  station,  surface  of  water 


Maxwell,  180  feet  southwest  of  platform,  in  sandstone  post  8  by  12 
by  80  inches,  set  27  inches  in  ground,  bronze  tablet  marked 
**691  E.  C." 


Trestle  No.  66  M,  Little  Belf  Slough,  surface  of  water. 


Elevation 
in  fret. 


672 

6iW.3 

684.89 
680.01 

677.46 

674 

681.4 

680.36 

675 

676 

681.52 

677 

681.13 
678 

682.337 

680 

685.28 

681 

685.28 

688.41 

688.26 

683 

602.1 

685 

680.33 

680.36 

687 


691 
691.196 
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Elevations  an  Chippewa  River  from  Reeds  Landing^  Minnesota^  along  Chicago,  MxLwavkee 
and  St.  Paid  Railroad,  to  Chippewa  FaUs,  Wis. — Continued. 


Distance  l 
in  miles.  I 


10.6 

10.6 
11.4 

11.9 

12.3  ' 
12.4 
12.8 
13.4 


13.4 
14 

14 

14.4 
14.4 
14.6 

15.2 
15.0 
16.1 

16.5 
16.8 
16.8 

16.8 
17.5 


18.2 
18.2 
18.5 
18.5 


West  side  of  railroad,  near  gate  at  private  road  crossing,  nail  in  top 
of  stump 

Surface  of  water  (is  about  4  feet  lower  than  low  water) 


South  end  of  trestle  No.  70  M,  15  feet  east  of  railroad,  cross  on  sand- 
stone  


Big  Beef  Slough,  150  feet  below  railroad  bridge  No.  74  M  (is  about 
3  feet  above  low  water)  surface  of  water 


505  feet  north  of  bridge,  on  west  side  of  track,  nail  in  top  of  post. . 

Private  road  crossing,  top  of  east  rail 

Pawn's  farm,  private  road  crossing,  top  of  west  rail 


T.  24  N.,  R.  13  W.,  just  outside  of  Chicago,  Milwaukee  and  St.  Paul 
Railroad  right  of  way,  left  bank  of  river,  and  0.25  mile  due  west 
of  center  sec.  6,  in  sandstone  post  12  by  6  by  30  inches,  bronze 
Ublet  marked  "733  E.C." 

Surface  of  water , 


Round  Hill,  0.25  mile  below,  left  bank  of  river,  black  oak  tree,  nail  in 
notch  cut  in , 


Surface  of  water 

Road  in  front  of  bam. 
Surface  of  water 


Round  Hill,  north  and  south  road  crossing  on  Chicago,  Milwaukee 
and  St.  Paul  Railroad 


Road  crossing  on  east  side  of  railroad,  spike  in  signboard 

Private  road  crossing,  top  of  rail 

Durand,  100  feet  north  of  south  switch  block,  12  feet  east  of  center 
of  track,  north  end  of  sandstone,  cross 

300  feet  north  of  brewery,  east  and  west  road  crossing,  top  of  rail. . 

Durand,  road  crossing  north  of  station,  top  of  rail 

Durand  County  jail  building,  water  table  at  southwest  comer  of, 
bronze  tablet  marked  "  724  E.  C." 

Upper  bridge,  surface  of  water 

Durand,  north  part  of,  at  north  end  of  siding,  35  feet  northwest  of 
switch  block,  cottonwood  tree,  notch  cut  in  root,  nail  in 


Spur  line  up  river. 

Elm  tree,  left  bank  of  river,  nail  in  notch 

Surface  of  water 

Creek  from  east,  white  oak  tree  at,  nail  in  notch  on  root 

Creek,  at  mouth,  surface  of  water  (river  is  about  2  feet  above  low 


water). 


I  Main  line  continued. 

18. 8     Northwest  comer  of  trestle  No.  96  M,  nail  in  top  of  fence  post. 

18. 8     Surface  of  water 

19. 1     Beaver  Creek,  surface  of  water 


Elevation 
in  feet. 


694.91 


701.32 

695 
711.65 
714. 61 
724.3 


732.878 


737.7 

699 

733 

699 

731.4 

740.56 

724.55 

717.54 

720.6 

724.7 

724.361 

703 

727.23 

707.24 

705 

707.20 

706 

717.24 

711 

712 
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Elevations  on  Chippewa  Rit'^er  from  Reeds  Landing ^  Minnesota  ^  along  Chicago ^  Mihcaukee 
and  St.  Paul  Railroad,  to  Chippewa  FaUs,  Wis. — Continued. 


Distance 
in  miles. 


19.1 
19.7 
19.7 
20.4 
20.6 
21.1 
21.2 
21.4 
22.1 
22.1 
22.4 
22.8 

23.1 

23.1 

23.3 

23.9 

24 

24.2 

24.4 

24.6 

24.6 

25.7 

25.7 
25.8 
26.4 
26.7 
26.7 
26.9 
27.1 
27.4 
27.9 
27.9 
28.8 

28.8 
29.4 
29.6 


Trestle  No.  98  M,  top  of  sandstone,  at  southeast  end  of  trestle 

Trestle  No.  100  M,  southeast  comer  of,  spike  in  cap 

Surface  of  water 

Bear  Lake,  0.75  mile  north  of,  private  road  crossing,  top  of  west  rail. 

Private  road  crossing,  top  of  east  rail 

Whistle  post  for  road  crossing,  spike  in 

East  and  west  road  crossing,  top  of  west  rail 

Northwest  and  southeast  road  crossing,  top  of  west  rail 

Weber's  house,  road  crossing,  top  of  rail 

Crossing  post,  near  bottom,  railroad  spike 

Trestle  No.  106  M,  section  line  between  sees. top  of  rail. , 

Red  Cedar,  0.33  mile  south  of,  T.  25  N.,  R.  12  W.,  sec.  6,  one-quarter 
comer  north  side  of,  in  ground  at  T  road  east,  sandstone  6  by  12  by 
30  inches,  bronze  Ublet  marked  "  755  E.  C." 

Red  Cedar,  west  part  of,  foundation  to  water  tank 

Red  Cedar,  road  crossing,  top  of  rail 

Surface  of  water 

Private  road  crossing,  top  of  rail 

Private  road  crossing,  spike  in  base  of  first  telegraph  pole  north  of. . 

Red  Cedar  Junction,  at  switch  block,  top  of  east  rail 

Red  Cedar  Junction,  surface  of  water  at  bridge 

Trestle  No.  108  M,  at  southwest  comer,  nail  in  top  of  fence  post 

Surface  of  water 

Tyrone  (abandoned  station),  750  feet  south  of,  spike  in  telegraph 
pole 

Surface  of  water 

Tyrone,  at  road  crossing,  top  of  rail 

Private  road  crossing,  top  of  rail , 

Trestle  No.  1 16,  fence  post  at  southwest  comer  of,  nail  in  top  of 

Surface  of  water 

Private  road  crossing,  top  of  west  rail 

Railroad  spike  in  crossing  post 

Road  crossing  (second  one  north  of  public  crossing),  top  of  rail 

Trestle  No.  1 18  M,  at  southeast  comer  of,  in  top  of  fence  post 

Surface  of  water 


Meridian,  T.  26  N.,  R.  12  W.,  sec.  14,  north  part  of,  at  southeast  cor- 
ner of  Iver  Brock's  residence,  in  stone  foundation,  bronze  tablet 
marked  "740  E.C." 


Road  crossing,  top  of  rail 

Private  road  crossing,  t^p  of  rail 

Trestle  No.  124  M,  at  east  end  of,  nail  io  top  of  fence  post. 


Elevation 
in  feet. 


714.55 

715.60 

713 

733.2 

735.1 

735.62 

735.8 

737.2 

745.8 

746.52 

749.  W 

755.670 

758.36 

758.9 

721 

735.2 

731.37 

729.3 

721 

730.45 

722 

727.97 

724 

732 

731.2 

732.96 

724 

733.24 

731.5 

732.9 

733.04 

728 

739.923 
739.2 
739.8 
73a  46 
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Elevations  an  Chippewa  River  from  Reeds  Landing^  Minnesota^  along  Chicago,  Milwaukee 
and  St.  Paul  Railroad,  to  Chippewa  FaUs,  Wis. — Continued. 


Distance 
in  miles. 


29.6 

29.7 

30.1 

30.1 

31 

31 

32.2 

32.2 

33 

33.7 

33.7 
34.1 

34.5 
34.7 
34.9 
35.8 

35.9 

36.3 
36.3 
37 

37 
38.3 

39.1 
39.5 
40.7 

40.7 
41.3 

41.4 

42.4 

42.4 

43 

43.3 


Surface  of  water 

North  and  south  road  crossing,  top  of  rail 

North  and  south  road  crossing,  cross  on  stone. 

Road  crossing,  top  of  north  rail 

Road  crossing,  spike  in  telegraph  pole 

Wagon  bridge,  surface  of  water 


South  side  of  railroad,  60  feet  west  of  lai^e  spring,  cross  cut  in  sand- 
stone  

Surface  of  water 

Spike  in  base  of  telegraph  pole 

Opposite  small  island,  on  highest  point  of  large  .sandstone  bowlder, 
cross  cut 

Surface  of  water 

On  bank  of  river  at  right  of  way  fence,  sandstone  bowlder,  cross  cut 
in  top  of 

Rock  Creek,  surface  of  water 

Private  road  crossing,  top  of  rail 

Trestle  No.  144,  at  northwest  comer  of,  nail  in  cross  cut  in  cap 

Caryville,  T.  26  N.,  R.  11  W.,  sec.  11,  east  part  of,  at  northwest  cor- 

enend  store,  in  stone  foundation, 
C." 


ner  of  post-oflBce,  Strand's 
bronze  tablet  marked  ''760  1 

Road  crossing,  top  of  rail 

[Line  continued  along  highway.] 

Wagon  bridge  over  West  Creek,  in  top  of  pile  at  east  approach,  nail. . 
Surface  of  water 


East  of  small  island,  water  maple  40  feet  east  of  river,  on  left  bank, 
nail  in  root  of 


I  Surface  of  water 

I  Powell  Lake  and  Chippewa  River  roads,  75  feet  east  of  junction, 
small  double  elm  tree,  nail  in  root  of 

Surface  of  water 

Surface  of  water 

On  left  bank  of  river,  at  east  end  of  long  log  boom,  nail  in  maple 
stump , 

Surface  of  water , 


Coolies  Lake,  near  outlet,  B.  A.  Churchville  residence,  at  southwest 
comer  of,  in  foundation,  bronze  tablet  marked  **  779  E.  C. " 

Surface  of  water 

Porterville,  0.75  mile  south  of,  wagon  road  culvert,  nail  in  top  of  pile . 

Surface  of  water , , 

Old  Porter  mills,  nail  in  root  of  large  water  maple 

T  roads 


Elevation 
in  feet. 


733 

739.6 

740.30 

741.7 

745.02 

739 

751.82 
741 

747.85 

753.19 
743 

754.70 
744 
752.9 
751.22 

760.144 
757.7 

753.98 
746 

749.63 
747 

756.15 

752 

752 

763.11 
755 

779.356 

758 

763.92 

761 

764.84 

767 


IRB  115—06 8 


Digitized  by  VjOOQIC 


108 


RIVER   SURVEYS    AND   PROFILES   OF    1903. 


[NO.  115. 


ElevaiioTis  an  Chippewa  River  from  Reeds  Landijigt  MinneaoUit  along  Chicago,  Milwaukee 
and  St.  Paul  Railroad,  to  ChippeuxL  Falls,  Wis. — Continued. 


Distance 
in  miles. 


43.3 
43.8 
44.1 
44.8 

44.9 

44.9 
45.5 

45.5 
45.8 
45.8 
46.5 

46.5 
46.6 
47.6 
48.1 

48.3 

48.4 
48.7 
48.8 
48.8 


.1 

.1 
.75 
.75 

49 

49.1 
49.4 
49.4 
49.4 
49.8 


I 


Creek,  mouth  of,  surface  of  water 

On  river  bank,  30  feet  west  of  road,  nail  in  top  of  stump. 
Surface  of  water 


Charles  Bannon's  residence,  120  feet  southeast  of,  at  gate,  nail  in 
white  oak  stump 


Lower  Creek,  road  crossing  on  Chicago,  Milwaukee  and  St.  Paul 
Railroad,  top  of  rail 


Surface  of  water  (higher  than  has  been  for  2  years) 

Shawtown,  I  mile  south  of,T.  27  N.,  R.  10  W.,  sec.  36,  northeast  cor- 
ner of,  in  stone  foundation  at  northwest  comer  of  Henry  Trimble's 
residence,  bronze  tablet  marked  * '  781  E.  C. " 

High  water,  in  1884 

Road  crossing 

Surface  of  water ' 

Shawtown,  200  feet  south  of  railroad  bridge,  spike  in  base  of  tele- 
graph pole 

Under  bridge,  surface  of  water 

Menomonie  street  crossing,  top  of  rail 

Eau  Claire,  crossing  of  Niagara  and  Seventh  street j 

East  entrance  to  high  school,  first  window  to  right,  in  sill,  cut  in 
center 

Eau  Claire,  at  southwest  comer  of  court-house,  bronze  tablet  marked  ' 
''797  E.C." •. j 

Crossing  of  Grand  and  Oxford  avenue,  top  of  rail ' 

200  feet  south  of  railroad  bridge,  spike  in  base  of  crossing  post 

Center  of  railroad  bridge  over  river 

Eau  Claire  River,  mouth  of,  surface  of  water  under  bridge  (Juno  2). ., 

[Spur  line,  June  9,  up  Eau  Claire  River  from  Junction.    Stage  of  water 6.5 
lower.l 

Junction  of  Chippewa  and  Eau  Claire  rivers,  June  9,  foot  of  first  dam  ' 
at  mouth  of,  on  Eau  Claire  river 

Head  of  same  dam ' 

Foot  of  second  dam 

Head  of  second  dam : 


[Main  line  continued  Juno  2.    River  is  6.5  feet  higher  than  a  week  later.] 

Eau  Claire  court-house,  0.7  mile  north  of,  at  Chicago,  Milwaukee  and 
St.  Paul  Railroad  station,  top  of  rail 


Forrest  street  crossing  of  spur  to  paper  mill,  top  of  rail 

Elm  street  crossing,  top  of  rail 

The  Dallas  Paper  Mill  Company  dam,  foot  of,  surface  of  water 

The  Dallas  Paper  Mill  Company  dam,  head  of,  surface  of  water 

Chicago  and  Northwestern  Railroad  bridge  over  river,  south  comer 
of  east  pier,  cross  cut  on 


Elevation 
in  feet. 


764 

767.85 

764 

771.08 

773.4 

768 

780.84 
777 
776.5 
769 

783.98 
769 
777.6 
781.2 

797.93 

797.473 

791 

787.33 

788.3 

770 


763.5 

774 

774 

786.8 


786.05 

778.6 

780.3 

772 

793 

8(M.36 
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Elevations  on  Chippewa  River  from  Reeds  Landing,  Minnesota,  along  ChicagOf  Milwaukee 
and  SL  Paid  Railroad,  to  Chippewa  FaUs,  Wis. — Continued. 


Distanoe 
in  miles. 


Elevation 
in  feet. 


SO.  6      Chicago  and  Northwestern,  at  mile  poet  St.  Paul  87,  top  of  rail 

50. 7  Duluth  Branch,  at  overhead  road  crossing,  top  of  rail 

50. 8  Duluth  branch,  Chicago  and  Northwestern  Railroad,  on  east  side  of 

railroad,  opposite  yard-limit  post,  spike  in  base  of  telegraph  pole. 

51  Road  crossing,  top  of  rail 

51. 4  Mile  post  1,  top  of  east  rail .^ 

51. 6       Power  house  at  crossing  of  Chicago,  Milwaukee  and  St.  Paul  and 
Chicago  and  Northwestern  railr^Mls,  1,100  feet  south  of,  spike  in 
'      telegraph  pole 

51.9  I  Grade  crossing,  top  of  rail j 

52  '  Chicago,  Milwaukee  and  St.  Paul  and  Chicago  and  Northwestern  > 
j      railroads,  grade  crossing,  top  of  rail ! 

52. 6    I  Road  crossing,  top  of  west  rail 

52. 6    I  20  feet  west  of  north  cattle  guard  to  road  crossing,  in  base  of  ' 
fence  comer  post,  spike j 

53.2  Road  crossing,  top  of  rail 

53. 3  Second  pole  west  of  road  crossing,  spike  in 

53. 5  Dalles  Mill  station,  road  crossing,  top  of  west  rail 

54. 4  Road  crossing  on  line  between  Eau  Claire  and  Chippewa  counties 

54. 4  County  line  crossing,  in  north  cattle  guard,  nail  in  top  of  fence  post. . 

54. 8  Eiast  and  west  road  crossing,  top  of  east  rail 

54. 8  Surface  of  water 

56. 1  La  Fayette,  road  crossing  at  old  site  of,  top  of  west  rail 

56. 1  Surface  of  water 

56. 1  La  Fayette,  second  telegraph  pole  above  road  crossing  at  old  site 
of,  spike  in 

57. 3  North  and  south  private  road  crossing,  spike  in  black  oak  tree i 

.  0       Surface  of  water I 

57. 4  Road  crossing  east  and  west I 

58. 3       Badger  Mills,  road  crossing  just  below  north  switch  block 

58. 3  Halle  Lake,  Badger  Mills,  surface  of  water 

58. 4  Badger  Mills,  just  south  of  waiting  shed,  spike  in  crossing  post 

58.4       Badger  Mills,  opposite  waiting  shed,  top  of  east  rail ' 

58. 76  Badger  Mills,  summer  hotel,  in  ground  in  lawn  of,  50  feet  due  west 
of  front  window,  sandstone  post  10  by  8  by  30  inches,  bronze 
Ublet  marked  "827  E.C." 

50. 4  150  feet  west  of  P.  C.  mark,  150  feet  south  of  gate,  spike  in  base  of 
telegraph  pole 

50. 4  Surface  of  water 

60. 5  Surface  of  water 

60. 6  Trestle  No.  216,  in  sleeper  at  west  end  of,  painted  cross  on  bolt 

61. 1  Gravel  Island,  crossing  post  just  below,  spike  in  base  of 

61. 1  Qravel  Island,  slough,  mouth  of,  surface  of  w»ter 


843.1 
861.8 

858.56 

871.3 

882.8 

882.09 
881.2 

880.2 
843.5 

840.09 

813.8 

807.97 

804.2 

813 

815. 18 
821.1 
793 
817.4 
794 

818.75 

815.96 

794 

821.9 

817 

815 

818. 19 
820.2 

827.716 

831.45 

797.3 

801 

833.51 

855.19 

803 
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Elevaiimu  an  Chippewa  River  from  Reeds  Landing^  Minnesotat  along  Chicago^  Milwaukee 
and  St  Paid  Railroadf  to  Chippewa  Falls,  )Fi«.— Continued. 


DisUnoe 
in  miles. 


62.1 
62.2 
62.2 
62.8 

62.9 
62.9 
63 

63 
63.3 

63.8 

63.9 
63.9 
64.31 

64.4 


.0 

.0 

.0 

.0 

.0 

.0 

3.7 

5.5 

8 

9.2 
10.7 
13 
16.7 

15.7 
16.6 
17.9 
19.2 


Surface  of  water 

Spike  in  base  of  crossing  post 

Road  crossing,  top  of  rail 

Central  Junction,  Chicago,  Milwaukee  and  St.  Paul  Railroad  and 
Wisconsin  Central  Rauroad,  switch  block  at 

East  side  of  railroad,  spike  in  base  of  telegraph  pole 

Road  crossing,  top  of  rail 


Center  of  Chicago,  Milwaukee  and  St.  Paul  Railroad  bridge,  top  of 
rail 

Surface  of  water  under  bridge 

Junction  of  Chicago,  Milwaukee  and  St.  Paul  Railroad  and  Wiscon- 
sin Central  Railroad  (main  line ),  top  of  rail 

Chippewa  Falls,  20  feet  south  of  water  tank,  spike  in  base  of  tele- 
graph pole 

Chippewa  Falls,  Taylor  street  crossing,  top  of  rail 

Chippewa  Falls,  under  bridge,  foot  of  dam,  surface  of  water 

Chippewa  FaUs,  northeast  comer  of  city  building  containing  fire 
department  and  city  jail,  in  foundation,  bronze  tablet  marked 
*'840E.C." 

Chippewa  Falls,  above  dam,  surface  of  water 

[Flying  levels  by  F.  T.  Fitch,  field  assistant,  Chippewa  Falls,  up  Chippewa 
River  to  Flambeau.] 

Highest  water  mark  on  record,  recorded  by  Chippewa  Falls  Lum- 
ber and  Boom  Company,  Sept.  10,  1884 

Second  highest  water  mark  of  Chippewa  River,  recorded  Dec.  3, 
1896 

Lowest  water  mark  of  Chippewa  River,  reading  taken  at  Chippewa 
Falls 

Highway  bridge  at  falls,  surface  of  water 

Chippewa  FaUs,  surface  of  water 

Crest  of  dam  of  Chippewa  Falls  Lumber  Company,  surface  of  water. . 

Paint  Creek  Rapids,  foot  of,  north  bank  of  river,  50  feet  from  water, 
top  of  bowlder,  chiseled  square 


Yellow  River,  mouth  of,  surface  of  water 

Eagle  Rapids,  foot  of,  surface  of  water 

Eagle  Rapids,  head  of,  surface  of  water 

Surface  of  water 

Foot  of  rapids,  surface  of  water 

Jim  Falls,  east  side  of  river  at  edge  of  water,  nearly  opposite  Pitch 
Hotel,  at  foot  of  rapids,  in  granite  ledge,  chiseled  square 

Surface  of  water 

Head  of  rapids,  surface  of  water 

Coltons  Rapids,  foot  of,  surface  of  water 

Coltons  Rapids,  head  of,  surface  of  water 
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33.2 
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33.2 
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Chas.  Richards,  near  house  occupied  by,  150  feet  south  of  road 
intersection,  at  edge  of  water,  rock,  chiseled  square 

Shaw  Creek,  400  feet  above  mouth  of,  surface  of  water 

Bob  Creek,  mouth  of,  surface  of  water 

Chevalley  Rapids,  foot  of,  surface  of  water 

Above  rapids,  surface  of  water 


Brunne  Falls,  at  boat  landing,  west  bank  of  river,  below  main  falls 
and  just  above  Chevalley  Rapids,  125  feet  south  of  old  house,  50 
feet  from  water,  bowlder  2  feet  square,  chiseled  square 

Brunne  Rapids,  foot  of,  surface  of  water 

Brunne  Rapids,  head  of,  surface  of  water 

Fisher  River,  mouth  of,  surface  of  water 

Holcombe,  foot  of  rapids,  surface  of  water 

Holcombe,  foot  of  dam,  surface  of  water 

Above  dam,  surface  of  water 


South  entrance  to  bridge  over  flooding  dam,  500  feet  west  of,  south 
side  of  highway,  50  feet  south  of  river,  on  bowlder  in  fence,  chis- 
eled square 

Deer  Tail  Creek,  mouth  of,  surface  of  water 

Flambeau,  post-office,  at  intersection  of  Flambeau  and  Chippewa 
rivers,  on  point  of  land,  nail  in  root  of  tree 

Junction  of  rivers,  surface  of  water • 
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LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 
United  States  Geological  Survey, 

Hydrographic  Branch, 
Washington,  D,  C,  May  12,  1904. 
Sir:  I  have  the  honor  to  submit  herewith,  for  pubUcation  as  a 
water-supply  and  irrigation  paper,  a  report  on  the  water  problems 
of  Santa  Barbara,  Cal.,  transmitted  by  Mr.  J.  B.  Lippincott. 

As  the  city  and  suburbs  of  Santa  Barbara  form  one  of  the  most 
attractive  and  productive  districts  in  southern  California,  a  thorough 
knowledge  of  the  water  supply  of  the  region  is  of  the  utmost  impor- 
tance. It  is  thought  that  the  facts  brought  out  in  the  report  will 
be  of  much  interest. 

Very  respectfully,  F.  H.  Newell, 

Chief  Engineer. 
Hon.  Charles  D.  Walcott, 

Director  United  States  Geological  Survey. 
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WATER  PROBLEMS  OF  SANTA  BARBARA,  CAL 


By  J.  B.  LippiNcoTT. 


IXTIIODUCTION. 

The  Santa  Barbara  coast  extending  from  Goleta  to  Carpinteria, 
including  the  city  and  suburbs  of  Santa  Barbara,  is  naturally  one 
of  the  most  attractive  and  productive  districts  of  southern  Cali- 
fornia.    It  is,  however,  deficient  in  water  supply. 

Desiring  a  broad  and  comprehensive  study  made  of  this  locality, 
with  a  view  to  a  solution  of  the  problems  involved,  the  city  and 
county  of  Santa  Barbara  have  requested  (1)  that  the  topographic 
work  of  the  Geological  Survey  be  extended  so  as  to  cover  this  dis- 
trict, and  (2)  that  the  hydrographic  branch  of  the  Survey  make  an 
investigation  of  the  water  problems  involved.  These  topographic 
surveys  have  now  been  made,  and  the  maps  of  the  Goleta,  Santa 
Barbara,  Santa  Ynez,  and  Mount  Pinos  quadrangles  have  been  pub- 
lished. The  Santa  Maria  quadrangle  has  been  surveyed  and  the  map 
is  now  being  engraved.  This  will  complete  the  mapping  of  the  county. 
These  topographic  maps  are  of  the  very  greatest  assistance  and 
importance  in  determining  relative  elevations,  areas  and  elevations 
of  drainage  basins,  and  possible  tunnel  locations  through  the  Santa 
Ynez  Range. 

In  the  hydrographic  investigations  the  city  of  Santa  Barbara  has 
cooperated,  paying  one-half  of  the  expense  connected  with  the 
maintenance  of  a  gaging  station  on  Santa  Ynez  River  and  Mono 
Creek,  on  which  streams  daily  observations  have  been  made  for 
silt,  volume  of  flow,  and  niineral  impurities  of  the  water,  and  also 
approximately  25  per  cent  of  the  expense  connected  w^ith  the  prepa- 
ration of  this  report.  This  portion  of  the  work,  therefore,  is  in  the 
nature  of  a  joint  investigation  by  the  city  of  Santa  Barbara  and 
the  Geological  Survey,  all  of  the  field  work  and  investigation  being 
done  by  the  Survey  and  a  portion  of  the  expense  being  [)aid  by  the 
city  of  Santa  Barbara. 
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I^)CATTON  AND  DRAINAGE  OP  TITE  DISTRICT. 

The  district  under  investigation  extends  from  Ventura  River  in 
Ventura  County  along  the  coast  as  far  as  Goleta  in  Santa  Barbara 
County,  and  more  particularly  into  the  high  mountainous  districts 
of  Ventura  and  Santa  Barbara  counties  lying  on  the  north  side  of 
the  Santa  Ynez  Range  and  including  the  drainage  basin  of  Santa 
Ynez  River  and  its  tributaries. 

The  coastal  plain  fronting  the  ocean  consists  of  a  series  of  old 
marine  beaches  and  undulating  foothills  facing  Santa  Barbara  Chan- 
nel. Views  of  this  coastal  plain  are  shown  in  PI.  II.  This  district 
is  of  great  natural  beauty,  and  has  become  the  home  not  only  of 
agriculturists  and  horticulturists,  but  also  of  many  eastern  people 
who  have  sought  it  for  recreation  and  health.  It  is  one  of  the  most 
attractive  regions  in  California.  The  winds  are  mild,  those  from 
the  south  being  tempered  by  the  Pacific  Ocean,  and  those  from  the 
north  being  barred  out  by  the  Santa  Ynez  Range,  which  parallels 
the  coast,  rising  to  elevations  of  from  3;^0  to  4,000  feet  and  pre- 
senting a  bold  and  attractive  background  to  the  undulating  foothiU 
districts.     (See  PI.  I.) 

The  streams  flowing  from  the  southern  slope  of  this  range  are 
precipitous  and  have  short  drainage  basins  of  small  area.  This 
topography  produces  a  torrential  stream  condition  after  rains,  fol- 
lowed by  a  period  of  extreme  low  water  in  time  of  drought.  The 
range  is  formed  chiefly  of  shale  and  sandstone,  the  strike  being  par- 
allel to  the  coast  and  the  dip  nearly  vertical,  inclining  somewhat  to 
the  south.  This  geologic  formation  admits  of  a  number  of  small 
but  permanent  springs  in  the  canyons  eroded  by  the  streams,  and 
is  also  favorable  to  the  development  of  water  by  tunnels  run  at  right 
angles  to  the  line  of  strike.  Beyond  the  crests  of  the  Santa  Ynez 
Range  is  the  drainage  basin  of  Santa  Ynez  River.  A  second  range 
of  mountains,  consisting  of  the  crest  of  the  Coast  Range  and  cul- 
minating in  Mount  Pinos,  the  elevation  of  which  is  8,826  feet,  rises 
to  the  north  and  trends  parallel  to  the  Santa  Ynez  Mountains.  These 
higher  mountains  are  drained  by  streams  running  in  a  southerly 
direction  and  uniting  with  Santa  Ynez  River  proper,  which  runs 
close  to  the  northerly  base  of  the  Santa  Ynez  Mountains,  flowing 
westerly  and  paralleling  the  Coast  Range.  It  has  a  total  length  of 
about  70  miles,  with  flat  grades,  and  oflFers  frequent  opportunities 
for  impounding  water  in  storage  reservoirs. 

The  results  of  the  investigations  indicate  that  a  solution  of  the 
water  problem  for  the  coast  district  lies  in  impounding  the  flood 
waters  in  the  drainage  basin  of  Santa  Ynez  River  and  conveying 
them  to  Santa  Barbara  through  a  long  tunnel  beneath  the  Santa 
Ynez  Range. 
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REVIEW  OF  EARL.TER  WORK  BY  OTHERS. 

It  is  here  deemed  proper  to  review  the  work  which  has  been  done 
along  this  line  in  the  past  by  other  engineers,  both  for  the  city  of 
Santa  Barbara  and  for  the  Santa  Barbara  Water  Company.  The  first 
report  was  made  for  the  city  of  Santa  Barbara  on  October  19,  1889, 
by  George  F.  Wright,  member  American  Society  of  Civil  Engineers, 
and  at  the  time  city  engineer  of  Santa  Barbara.  The  second  report 
was  presented  on  July  2,  1896,  by  Ernest  J.  S.  Purslow,  civil  engineer 
for  the  Santa  Barbara  Water  Company.  Both  of  these  gentlemen, 
who  are  now  deceased,  were  residents  of  Santa  Barbara,  engineers 
of  distinction,  men  of  good  standing  in  the  community,  and  thoroughly 
acquainted  with  local  conditions.  In  general  their  judgment 
respecting  the  subject  here  under  consideration  is  approved  by 
the  present  writer,  both  from  personal  knowledge  of  the  locality 
and  from  observations  elsewhere.  Their  opinions  particularly  with 
reference  to  local  water  supplies  on  the  south  side  of  the  range  are 
worthy  of  acceptance,  and  it  was  not  deemed  necessary  or  advisable 
to  make  further  field  examinations  over  this  ground  which  they 
had  previously  covered  in  detail.  Because  these  reports  were  made 
a  long  time  ago  and  are  now  unfamiliar  to  many  new  residents, 
and  are  out  of  print,  it  is  considered  advisable  to  briefly  review  them. 

REPORT  OF  GEORGE  F.  WRIGHT,  1889. 
NEEDS   OF   DISTRICT. 

Mr.  Wright  states:  ^^I  have  endeavored  to  cover  the  whole  field 
in  my  report,  trusting  in  many  cases  to  previous  examinations  and 
surveys  made  by  myself,  aided  by  the  available  maps  of  that  portion 
of  the  territory  lying  south  of  the  summit  of  the  Coast  or  Santa  Ynez 
Range  of  mountains.''  He  calls  attention  to  the  fact  that  even  at 
that  time  the  city  had  never  had  an  ample  water  supply  to  meet  its 
demands,  a  condition  which,  as  all  the  residents  of  the  district  are  well 
aware,  has  never  been  materially  changed.  He  states  further:  ''The 
immediate  necessity  demands  a  supply  of  2  million  gallons  per  day 
(equivalent  to  200  gallons  per  capita  for  10,000  persons),  which 
will  certainly  be  increased  to  3  million  gallons,  and  probably  4  mil- 
lion gallons,  per  day  before  many  years.'*  This  statement  was 
made  on  the  assumption  that  the  city,  with  an  ample  water  supply, 
would  have  a  vigorous  growth,  and  a  development  proportional  to 
that  of  other  towns  of  southern  CaUfomia  as  suitably  located  and 
having  adequate  supplies.  In  marked  contrast  with  this  demand, 
he  states  that  the  low-water  flow  of  Mission  Creek  (a  present  source 
of  supply)  is  reported  to  fall  as  low  as  300,000  gallons  daily  in  mid- 
summer, and  that  a  trial  test  of  the  De  la  Guerra  wells  showed  an 
average  daily  output  of  600,000  gallons  at  that  time. 
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STREAMS  SOUTH  OF  COAST  RANGE. 

A  complete  investigation  was  made  by  Wright  of  all  the  adjoining 
drainage  basins,  extending  from  Rincon  Canyon  on  the  east  to 
Canada  Refugio  on  the  west,  during  the  summer  of  1889.  The  rain- 
fall at  Santa  Barbara  had  been  21.44  inches  during  the  preceding 
winter,  and  21.71  inches  the  winter  before  that — unusuaUy  good 
records,  as  the  Santa  Barbara  mean  is  only  16.78  inches.  Conse- 
quently Mr.  Wright's  figures  on  stream  flow  are  above  what  should 
be  accepted  as  an  average  condition.  His  table  descriptive  of  the 
streams  is  given  below." 

Table  1 . — Streams  east  of  Santa  Barbara  and  south  of  Coast  Range. 


Name  of  stream. 


i?^°J,t!^  from  city 


Rincon,  proper 

Gobemador 

Carpinteria,  including  Sutton . . 

Santa  Monica 

Parida,  including  Oil 

Ficay * 

Dinsraorc 

Cold  Spring 

Mission,  including  Rattlesnake. 

Total  daily  summer  flow . 


Daily  flow 

in  miner's 

inches 

(1889).  b 


Remarks:  Flow  in  min- 
er's inches. 


June  16, 1900:  1.5. 


June  16, 1900:  0.1. 


July  18,1902:  3.0. 

jJune  14,1900:  1.0. 
\June  17, 1900:  2.5. 


t(  During  the  last  year  the  United  States  Geological  Survey  has  made  a  detailed  topographic  field 
survey  of  the  mountainous  district  in  the  vicinity  of  Santa  Barbara,  indicating  in  contours  the  arra 
of  drainage  basins,  together  with  their  altitude.  These  maps  are  more  accurate  than  any  previous 
ones,  and  have  been  used  in  determining  the  drainage  areas  of  all  the  streams  described  by  Wright 
that  could  be  recognized  from  his  names.  In  each  case  the  area  has  been  determined  above  the  point 
where  the  stream  issues  from  the  foothills  or  mountains.  In  the  case  of  a  few  of  these  streams  other 
measurements  are  available  for  later  years.  These  are  included  and  show,  particularly  for  the  year  1900, 
a  marked  decrease  in  volume  over  that  measured  by  Wright.  The  rainfall  in  the  year  189^1900  at 
Santa  Barbara  was  12.68  inches. 

''  A  miner's  inch  is  taken  as  equal  to  one-fiftieth  of  a  cubic  foot  per  second,  or  a  flow  of  12,925  gallons 
per  day. 


Digitized  by  VjOOQIC 


LippiNcoTT]  REVIEW    OF    EARLIER    WORK    BY    OTHERS. 

Table  2. — Streams  west  of  Santa  Barbara  and  south  of  Coast  Range. 
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Stream. 


Arroyo  Burro 

Maria  Ygnacia 

San  Joec ^ 

San  Pedro 

Arroyo  Camero 

Annes 

Annito 

Tecolote 

Aguila 

Dos  Pueblos 

OaHada  Verde  (Las  Varas) . 

Canada  Uaees 

El  Capitan 

Cafiada  del  Corral 

Caflada  Refugio 

Total '. 


Catch- 
ment in 
square 
miles. 


Length  in  Distance 
catch-  from  city 
ment.       in  miles. 


5.7 
6.0 
2.7 
3.3 

4.0 

5.2 

4.5  j 

6.7  ' 

2.5 

1.5 

1.5 

1.0 

2.0  i 


2.5 
2.0 
2.5 
2.0 
2.0 
1.0 
1.5 
2.5 
2.0 
2.0 
2.0 
2.0 
1.0 
1.0 
2.0 


Daily  flow 

in  miner's 

inches. 


2.5 

6.0 

7.0 

9.5 

10.0 

12.0 

13.0 

14.0 

15.0 

17.0 

18.0 

20.0 

22.0 

23.0 

25.0 


11.6 
oil. 6 

13.6 
3.9 
3.9 
3.9 
1.9 

13.6 
5.8 

27.2 
3.9 
3.9 

11.6 
7.7 

15.4 


Remarks:  Flow  in  min- 
er's inches. 


June  17, 1900:  1.5. 
July  30, 1900:  38.1. 


139.5 


a  Laguna  Blanca  Water  Company. 

Wright  correctly  states  that  the  grades  of  these  local  streams  on 
the  south  side  of  the  mountains  are  very  steep,  affording  no  oppor- 
tunities for  the  construction  of  storage  reservoirs.  He  also  states 
that  while  it  might  be  possible  to  divert  some  of  these  storm  waters 
by  means  of  large  canals  into  basins  in  the  flat  lands  to  the  side, 
the  work  would  be  exceedingly  expensive  and  impracticable. 

The  conclusion  that  he  reaches  with  reference  to  the  streams  on 
the  south  side  of  the  Coast  Range  is  as  follows: 

I  do  not  deem  it  practicable  to  secure  an  ample  supply  of  water  for  Santa  Barbara  south 
of  the  Santa  Ynez  Range  of  mountains,  for  the  following  reasons: 

1.  The  aggregate  daily  summer  flow  of  the  entire  watershed  from  Rincon  Creek  to  and 
including  Refugio  Creek  is  less  than  4  million  gallons  per  day. 

2.  This  flow  is  all  claimed  by  riparian  owners,  water  companies,  and  individual  water 
claims. 

3.  Storage-reservoir  sites  of  sufficient  capacity  and  elevation  do  not  exist  along  the 
streams,  if  at  all.  The  construction  of  numerous  small  reservoirs  would  increase  the 
operating  expenses  and  also  the  first  cost  of  construction. 

4.  Diverting  dams  in  the  streams  would  be  necessary  to  turn  the  winter  flow,  and  the 
conduits  leading  to  the  storage  reservoirs  would  necessarily  be  large  and  expensive. 

5.  It  is  very  doubtful  if  the  city  of  Santa  Barbara  could  establish  a  claim  on  the  waters 
of  thes^  streams  which  would  enable  her  to  obtain  them  through  legal  process.  Where 
it  is  possible  to  do  so,  however,  tl^e  city  can  not  afford  to  appropriate  water  which,  if  not 
now  needed,  soon  will  be,  for  the  supply  of  the  rapidly  increasing  population  of  the  Car- 
pinteria  and  Montecito  valleys  on  the  east  and  the  Goleta  and  Dos  Pueblos  on  the  west. 
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STREAMS   NORTH   OF   COAST  RANGE. 

Having  failed  to  find  an  adequate  supply  of  water  on  the  south 
side  of  the  range,  the  investigations  of  Wright  were  extended  to  the 
north  side  of  the  range,  into  the  basin  of  Santa  Ynez  River.  Surveys 
to  determine  relative  elevations  were  made,  and  detailed  reports  on 
two  reservoir  sites,  one  known  as  the  Juncal,  near  the  head  of  the 
Santa  Ynez,  and  the  other  as  the  Main  River  reservoir  site,  below 
the  mouth  of  Blue  Canyon.  A  general  view  of  the  basin  of  Santa 
Ynez  River  is  shown  in  PL  III,  B, 

From  a  study  of  the  rainfall  data  available  at  the  time  of  his 
report  Wright  concludes  that  it  will  be  necessary  to  have  a  storage 
reservoir  capable  of  holding  water  from  years  of  average  or  exces- 
sive rainfall  for  years  of  deficient  rainfall.  He  believes  that  in 
some  winters  there  will  be  Uttle,  if  any,  storm  water  in  these  streams. 
From  April,  1876,  to  October,  1877,  inclusive,  there  was  a  period 
of  drought  of  nineteen  months  in  which  the  rainfall  was  insufficient 
to  much  more  than  supply  evaporation.  On  his  basis  of  200  gal- 
lons per  day  per  capita,  for  a  population  of  20,000,  requiring 
4  million  gallons  per  day,  this  would  call  for  a  storage  of  2,280 
million  gallons,  which  is  equal  to  7,000  acre-feet  of  water,  an  acre- 
foot  being  the  volume  of  water  sufficient  to  cover  1  acre  1  foot 
deep,  or  43,560  cubic  feet. 

JUNCAL  RESERVOIR  SITE. 

The  Juncal  reservoir  site  was  determined  to  have  the  following 
capacities  with  the  heights  of  dam  stated: 

Table  3. — Capacities  of  Juncal  reservoir  with  various  heights  of  dam. 


Height  of  dam 
Infect. 

Capacity  in  gallons. 

Capacity  in 
acro-feet. 

200 

4,000,000,000 

12,276 

175 

2,352,000,000 

7,218 

150 

1,877,000,000 

5,760 

125 

1,437,000,000 

4,410 

100 

1,050,000,000 

3,222 

75 

705,000,000 

2,164 

50 

350,000,000 

1,074 

A  dam  200  feet  high  would  be  550  feet  long  on  top,  and  one 
100  feet  high  would  be  272  feet  long  on  top.  Purslow  in  his  refK)rt 
estimates  that  a  dam  at  the  Juncal  100  feet  high,  with  a  diver- 
sion conduit  to  Santa  Barbara,  would  cost  $300,000.  The  area 
of  the  drainage  basin  is  given  as  23.5  square  miles  by  both  Wright 
and  Purslow.     From  the  topographic  surveys  of  the  United  States 
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Geological  Survey  it  is  found  that  they  were  seriously  in  error,  and 
that  there  is  but  13.4  square  miles  of  area  naturally  tributary  to 
this  reservoir  site.  This  directly  aflFects  the  value  of  the  Juncal  as 
a  storage  reservoir.  Wright  gives  certain  figures  showing  that,  in 
his  judgment,  the  water  supply  would  be  always  sufficient  to  meet 
the  demands  upon  this  reservoir.  At  the  time  the  reports  of  both 
Wright  and  Purslow  were  written  little  available  data  existed  indi- 
cating the  flow  that  might  be  expected  from  drainage  basins  on  the 
Pacific  coast,  particularly  in  southern  California.  Estimates  were 
therefore  based  upon  observations  on  eastern  streams.     Since  that 
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Pio.  1.— Diagram  showtog  relation  of  rainfall  to  run-off  for  California  streams.    (For  description  soo 

page  50.) 

time,  however,  the  United  States  Geological  Survey  has  been  meas- 
uring California  streams  and  determining  drainage  areas  and 
their  rainfall,  and  there  is  now  better  information  available  on 
this  subject.  The  whole  trend  of  these  late  stream  measurements 
has  been  to  show  that  estimates  of  run-off  for  southern  Cali- 
fornia, particularly  those  based  on  observations  on  eastern  rivers 
which  were  previously  considered  as  comparable,  give  excessive  and 
unreliable  results.  While  it  is  impossible  to  predict  accurately  what 
the  discharge  from  any  given  drainage  basin  will  be,  nevertheless, 
from  examinations  made  of  the  basin  of  the  Santa  Ynez  and  tlie 
application  of  average  conditions  observed  in  locaUties  somewhat 
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similar  and  of  a  mountainous  character,  it  is  possible  to  form  an 
approximately  correct  idea  of  the  true  results.  Table  12  shows  the 
estimated  run-off  from  the  drainage  basm  of  the  Juncal  and  neigh- 
boring streams  in  detail.  From  an  extended  comparison  of  rainfall 
data  it  is  believed  by  the  writer  that  the  precipitation  on  average 
years  in  the  basin  of  the  Santa  Ynez  may  possibly  reach  22  inches. 
But  since  late  records  indicate  less  rainfall,  the  Santa  Barbara  mean 
of  16.78  is  used  by  the  author  as  the  basis  of  his  estimates  in  table 
12  (p.  53).  Wright  considers  that  it  will  be  over  20  inches  through- 
out the  drainage  basin,  and  Purslow  that  it  will  be  27  inches.  The 
rainfall  in  the  mountains  varies  in  the  same  ratio  for  wet  and  dry  years 
as  the  rainfall  at  Santa  Barbara  city.  The  first  rains  are  absorbed 
by  the  ground  and  retained  in  the  soil  until  evaporated  either  from 
the  surface  or  by  the  growing  plants.  It  takes  about  9  inches  of 
rain  to  meet  these  demands,  and,  generally  speaking,  no  material 
stream  flow  wUl  result  from  a  winter^s  rain  unless  it  exceeds  this 
amount,  provided  all  of  this  precipitation  does  not  occur  in  hard 
successive  storms,  in  which  event  there  would  be  run-off;  usually, 
however,  there  will  be  no  stream  flow  unless  the  winter  rain  exceeds 
9  inches.  When  these  demands  of  evaporation  are  met,  the  suc- 
ceeding storms  furnish  more  and  more  of  a  water  supply  for  the 
streams,  and  the  per  cent  of  rain  so  discharged  increases  in  a  grow- 
ing ratio. 

From  the  studies  above  referred  to,  assuming  a  rainfall  of  25 
inches  in  this  basin,  it  is  concluded  that  during  the  year  1897-98, 
when  the  rainfall  at  Santa  Barbara  amounted  to  4.99  inches,  there 
would  have  been  no  high-water  stream  flow  in  the  mountains.  In 
1898-99  there  would  have  been  available  at  the  Juncal  reservoir 
1,114  acre-feet;  in  1899-1900,  1,367  acre-feet.  This  is  a  three-year 
mean  of  827  acre-feet,  which  would  yield  a  supply  of  but  730,000 
gallons  per  day,  evaporation  not  being  deducted.  These  figures, 
compared  with  Wright's  estimated  necessary  supply  of  4,422  acre- 
feet  annually  to  meet  future  conditions  reasonably  within  sight 
(20,000  people),  show  that  the  Juncal  reservoir  site  and  drainage 
basin  would  be  inadequate  to  meet  the  demands  of  the  city  of  Santa 
Barbara.  The  conclusion  of  Wright  or  of  Purslow  that  the  Juncal 
alone  is  a  suitable  source  for  a  water  supply  for  the  city  can  not  be 
accepted,  although  it  may  be  used  properly  as  a  supplemental  reser- 
voir for  hold-over  purposes,  its  waters  being  liberated  at  such  periods 
as  may  be  necessary  to  make  up  for  deficiencies  in  reservoir  sites 
lower  on  the  stream.  In  conclusion  Mr.  Wright  makes  the  following 
statement: 

I  consider  the  Santa  Ynez  River  above  the  mouth  of  Blue  Canyon  to  be  not  only  an 
available  source  of  supply,  but  the  only  source  possible  for  the  future  supply  of  Santa 
Barbara  with  an  abundance  of  good  potable  water,  for  the  following  reasons: 
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1 .  Not  only  the  sources  of  the  streams  but  the  entire  river  are  uncontaminated  by  any 
of  the  organic  wastes  pertaining  to  civilization,  and  from  the  rugged  nature  of  the  country 
are  likely  to  remain  so.  The  sandstone  gathering-grounds  are  of  the  best  class  for  delivering 
water  free  from  mineral  impurities. 

2.  The  elevation  and  capacity  of  the  storage  sites  and  the  extent  of  the  catchment  insure 
an  ample  supply  of  water  in  all  seasons. 

3.  The  riparian  rights  in  that  portion  of  the  stream  sought  to  be  appropriated  are  merely 
nominal,  as  none  of  the  summer  flow  above  Blue  Canyon  ever  appears  on  the  surface  as 
far  down  as  the  San  Marcos  rancho.  The  only  riparian  owner  is  therefore  the  owner  of 
the  Los  Prictos  y  Najalayegua  rancho.«  This  right  can  probably  be  purchased,  or  if  not, 
can  be  condemned  by  legal  process. 

4.  The  expansive  capacity  of  the  district  for  increasing  the  supply  to  meet  all  possible 
demands  is  ample  and  in  excess.  This  feature  alone,  other  things  being  equal,  should 
decide  in  favor  of  this  source  of  supply. 

5.  Storage  reservoir  sites  are  numerous  and  ample.  The  fall  of  the  stream  being  com- 
paratively light,  renders  it  practicable  to  arrest  the  entire  flow  to  the  extent  required  by 
the  demand. 

6.  The  expense  of  constructing  a  thoroughly  efficient  and  permanent  system  of  works  is 
no  greater  than  would  be  the  cost  of  works  of  equal  capacity  on  the  coast  side,  and  main- 
tenance will  be  much  less. 

I  also  recommend  the  construction  of  the  works  as  a  whole.  Omitting  the  storage 
reservoir  is  simply  gambling  on  our  good  luck,  viz,  that  we  will  not  have  a  dry  season  this 
year  or  next,  and  so  on  until  we  do  get  a  dry  year,  when  it  will  be  too  late  to  save  our- 
selves from  great  discomfort  and  possible  pecuniary  loss. 

REPORT  OF  E.  J.  S.  PURSLOW,  i8g6. 

Mr.  Ernest  J.  S.  Purslow,  deceased,  a  civil  engineer,  living  in 
Santa  Barbara  at  the  time  and  employed  by  the  Santa  Barbara 
Water  Company,  investigated  in  1896  the  same  questions  covered 
by  Wright's  report  of  1889.  As  engineer  for  the  water  company, 
he  would  naturally  have  a  point  of  view  somewhat  different  from 
that  of  the  representative  of  the  city. 

Purslow  states  that  the  present  Santa  Barbara  Water  Company, 
which  consolidated  the  water  rights  on  Mission  Canyon  and  the  De  la 
Guerra  wells,  was  incorporated  in  January,  1889.  This  was  done 
in  order  to  increase  the  available  water  supply  then  obtained  from 
Mission  Creek  by  a  gravity  system  of  diversion,  and  from  tne  De  la 
Guerra  wells,  located  in  the  city  limits,  by  a  pumping  system. 

NEEDS   OF   DISTRICT. 

Purslow  says: 

The  present  water  supply  is  so  inadequate  and  incomplete  that  it  is  a  physical  impossi- 
bility for  the  city  to  increase  in  size  or  population,  or  for  the  surrounding  country  to  advance 
in  development,  until  water  is  procured  from  a  source  other  than  those  in  the  immediate 
vicinity,  which  are  now  all  used  to  their  fullest  capacity.  The  scarcity  of  water  is  the  first 
impression  that  visitors  receive,  and  many  who  have  desired  to  make  this  their  home  have 
abandoned  the  idea  owing  to  the  gravity  of  this  drawback. 


oOn  December  22, 1903,  this  ranch  was  included  in  the  Santa  Barbara  Forest  Reserve,  lien  scrip 
hATing  been  issued  to  the  owners  for  it. 
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By  the  general  introduction  of  meters  and  the  most  economical  type  of  service  taps 
the  supply  of  190  gallons  should  be  ample  for  all  purposes;  at  which  rate  the  immediate 
demand  of  the  present  population  would  be  about  1  million  gallons  per  diem.  The  total 
supply  at  present,  during  the  dry  months  of  a  year  with  average  rainfall,  is  about  600,000 
gallons  per  diem,  about  half  from  the  Mission  streams  and  half  from  the  De  la  Guerra  weUs. 

Nothing  has  retarded  the  advance  of  the  city  so  much  as  the  condition  of  the  water 
supply,  and  nothing  will  promote  its  future  prosperity  and  growth  as  much  as  a  remedy 
for  this  condition.  The  present  demands  of  the  city  being  upwards  of  1  million  gaUons 
per  diem,  a  system  could  not  be  considered  adequate  which  will  not  have  a  capacity  to 
supply  at  least  1,500,000  gallons  per  diem  as  soon  as  work  c4n  be  constructed,  with  means 
for  subsequently  increasing  the  supply  with  the  growth  of  the  city. 

The  suburbs  of  Santa  Barbara,  and  the  land  extending  easterly  and  westerly  from  the 
city,  are  improved  only  to  the  extent  to  which  the  waters  of  the  small  mountain  streanis 
have  been  made  available,  principally  at  points  adjacent  to  and  riparian  on  these  streams. 
West  of  the  city,  where  small  quantities  of  water  are  obtained,  the  land  is  devoted  prin- 
cipally to  horticulture,  and  where  wat^r  is  not  obtainable  it  is  used  as  grazing  and  farming 
land.  East  of  the  city  lies  the  famed  district  of  El  Montecito,  which  is  inhabited,  to  the 
extent  to  which  the  small  streams  can  supply  water,  by  a  class  of  people  who  for  the  most 
part,  have  independent  means,  many  of  whom  have  built  substantial  and  handsome  houses 
and  beautified  their  grounds,  and  among  whom  there  are  enough  people  of  intellectual 
pursuits  and  tastes  to  form  a  nucleus  which  makes  it  especially  attractive  for  that  class  of 
people.  It  is  primarily  and  distinctively  a  residence  district.  Consisting  of  a  gentle 
slope  from  the  foothills  toward  the  channel,  broken  and  diversified  by  the  natural  water- 
courers,  which,  though  bereft  of  water  during  the  summer  months,  are  lined  with  natural 
timber  growth,  backed  and  protected  on  the  north  by  the  Santa  Yncz  Mountains,  neatly 
every  spot  c6mmanding  a  comprehensive  and  magnificent  view  of  the  channel  and  coast 
line  and  the  distant  islands,  possessing  the  most  equable  climate  in  the  world  and  every- 
thing else  which  Almighty  God  could  give  except  plenty  of  water,  it  is  destined  to  become 
one  of  the  garden  spots  of  the  world. 

Land  which  has  water  is  sold  at  from  $500  to  $1,000  an  acre,  and  although  land  has 
very  little  productive  value  without  water,  such  dry  land  is  held  and  readily  sold  in  El 
Montecito  district  at  from  $250  to  $500  an  acre.  In  spite  of  the  unprecedented  business 
depression  of  the  past  two  years,  sales  of  this  land  have  been  made  during  this  period  of 
some  40  tracts  scattered  through  this  district,  aggregating  some  670  acres,  at  an  average 
price  of  about  $330  an  acre.  There  is  no  other  residence  district  in  California  where  prices 
for  bare,  dry,  suburban  or  agricultural  land  have  been  so  maintained  and  sales  so  extensively 
made  during  the  past  two  years.  £1  Montecito  comprises  about  4,500  acres  of  land  suscep- 
tible of  irrigation,  only  a  small  fraction  of  which  is  supplied  with  water  for  more  than  domes- 
tic purposes.  The  duty  of  water  here  for  full-bearing  lemon  orchards  has  been  found  to  be 
one  miner's  inch  to  10  acres  of  land  with  the  average  soil,  a  miner's  inch  being  equivalent 
to  a  continuous  flow  of  12,960  gallons  per  diem.  Many  lemon  orchards  have  been  planted 
during  the  past  two  years  on  tracts  of  land  which  have  appurtenant  to  them  such  small 
allowances  of  water  that  it  is  feared  that  the  trees  will  die  before  reaching  full  maturity. 
When  orchard  trees  are  young  and  small  a  very  small  quantity  of  water  suffices  to  moisten 
the  soil  immediately  surrounding  them;  but,  as  they  increase  in  size  and  their  roots  extend, 
it  is  necessary  to  use  water  enough  to  irrigate  the  whole  orchard  surface.  The  owners  of 
such  orchards  will  be  compelled  to  purchase  more  water  or  see  their  years  of  labor  end  in 
failure.  Ornamental  grounds,  vegetables,  oranges,  and  other  fruits  require  about  the  same 
quantity  of  water  as  lemons." 


a  The  tunnel  line  from  the  lower  reservoir  sites  on  the  Santa  Ynez  (see  p.  41)  will  command  all  the 
lands  of  El  Montecito  as  well  as  ot  the  city  of  Santa  Barbara.  The  elevation  of  the  south  portal 
of  the  present  city  tunnel  is  l,3d3  feet  above  sea  level.  The  new  tunnel  line  proposed  through  Mission 
Canyon  will  be  at  an  elevation  of  1,188.46  feet  (Geological  Survey  datum). 
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POSSIBLE   SUPPLY. 

Purslow  then  proceeds  to  show  that  the  proper  and  adequate  solu- 
tion of  the  water  problem  for  Santa  Barbara  and  vicmity  consists  of 
the  storage  of  the  storm  waters  of  Santa  Ynez  River  and  their  diver- 
sion by  means  of  tunnel  lines  to  the  south  side  of  the  range.  He 
states  that  there  are  three  available  sites  for  storage  reservoirs  on 
lands  owned  by  the  water  company  on  the  Santa  Ynez — one  in  Blue 
Canyon,  which  he  afterwards  condemns  as  an  impracticable  proposi- 
tion because  of  its  expense  and  small  drainage  area;  one  on  the  main 
river  near  the  confluence  of  the  Blue  Canyon  with  the  Santa  Ynez, 
which  he  names  the  Main  River  reservoir  site,  and  which  has  a  large 
storage  capacity;  and  a  third,  the  Juncal  reservoir  site,  near  the  head- 
waters of  the  stream. 

BLUE  CANYON  SITE. 

He  states  that  the  Blue  Canyon  site  is  located  at  an  elevation  of 
1,500  feet  above  sea  level,  with  a  drainage  area  of  only  about  8  square 
miles.  A  contour  survey  which  he  made  showed  that  a  dam  100 
feet  high  above  the  bed  of  the  gorge  would  impound  1,500  milUon 
gallons,  equivalent  to  4,600  acre-feet.  He  admits  that  the  local 
drainage  naturally  tributary  is  totally  inadequate  to  fill  this  reservoir. 
It  would  require  a  timnel  10,550  feet  long  to  connect  this  reservoir  with 
the  south  side  of  the  moimtains. 

MAIN   RFVER  BITE. 

In  describing  the  Main  River  reservoir  site  he  said:  "  This  is  one  of 
the  best  in  California'';  certainly  a  very  singular  statement  for  an 
engineer  to  make,  in  view  of  the  fact  that  the  width  of  the  dam  site 
on  the  bed  of  the  creek  is  427  feet.  He  says  the  drainage  area  tribu- 
tary to  the  Main  River  reservoir  site  is  150  square  miles,  ranging  in 
elevation  from  1,500  to  6,000  feet,  with  a  mean  rainfall  of  30  inches 
in  the  drainage  basins  and  a  probable  minimum  of  7  inches.  From 
the  recent  official  surveys  of  the  United  States  Geological  Survey  it 
has  been  definitely  determined  that  the  drainage  area  above  this 
reservoir  site  is  71  square  miles.  The  elevation  of  the  bed  of  the  can- 
yon at  the  Main  River  dam  site  is  1,460  feet  above  sea  level.  This 
reservoir  site  is  of  such  elevation  as  to  command  by  gravity  the  present 
city  tunnel  line,  which  may  be  extended  as  the  outlet  for  the  Mono 
reservoir  site  (see  pp.  40-41).  The  Main  River  reservoir  site  is  owned 
by  the  Santa  Barbara  Water  Company  and  is  of  some  merit.  If  a 
tunnel  is  carried  through  the  range  this  reservoir,  commanding  the 
present  city  tunnel  in  elevation,  may  ultimately  be  built,  either  by 
the  water  company  or  by  its  successors,  thus  materially  adding  to  the 
supply  for  the  district  south  of  the  mountains,  which  demands  all  the 
water  possible  to  be  obtained  from  Santa  Ynez  River, 
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JUNCAL  SITE. 


Purslow  states  that  an  observer  was  stationed  at  the  Juncal,  record- 
ing the  rainfall  and  taking  measurements  of  the  flow  of  the  stream 
during  the  *'  past  winter/*  and  that  these  records  show  that  up  to  the 
date  of  writing  the  flow  available  for  storage  was  upwards  of  800  mil- 
lion gallons  (2,455  acre-feet).  This  quantity  includes  the  flow  of 
Alder  Creek  basin  (2.4  square  miles),  which  he  proposed  to  divert  into 
the  Juncal.  It  can  not  be  definitely  stated  what  space  of  time  he 
meant  to  include  within  this  period,  but  as  his  report  bears  date  July 
21,  1896,  it  is  probable  that  these  measurements  extend  from  the  1st 
of  November,  1895,  to  say  the  1st  of  July,  1896.  The  rainfall  during 
that  winter  was  13.77  inches  at  Santa  Barbara,  and  his  conclusion  can 
not  be  accepted  that  this  record  may  be  taken  as  an  approximate 
minimum  for  streams  in  the  Santa  Ynez  Mountains,  particularly  as 
there  was  at  Santa  Barbara  in  the  month  of  January  a  precipitation 
of  6.84  inches,  which  should,  in  all  probability,  have  yielded  a  flood 
condition  in  the  streams. 

Purslow's  surveys  of  the  capacity  of  the  Juncal  reservoir  site  practi- 
cally confirm  those  by  Wright,  already  stated.  The  site  is  one  of  con- 
siderable merit,  and  possibly  the  dam  should  be  built  ultimately  in 
connection  with  supplementing  the  storage  capacity  of  the  lower  dams. 
The  Gibraltar  reservoir  site,  below  the  Mono  on  the  trunk  stream, 
however,  offers  a  very  much  cheaper  storage  capacity  and  a  much 
larger  available  supply.  Purslow  probably  overestimates  the  under- 
flow at  the  Main  River  site. 

Purslow  proposes  using  a  riveted-steel  pressure  pipe  line  to  divert 
the  water  to  Santa  Barbara;  probably  the  life  of  this  pipe  line  would 
not  be  more  than  fifteen  years.  His  detailed  estimate  of  the  cost  is 
$300,000  to  obtain  water  from  the  Juncal.  The  dam  which  he  pro- 
poses is  to  be  100  feet  high,  with  a  storage  capacity  of  1,023  million 
gallons.  He  estimates  the  minimum  season's  supply  as  400  million 
gallons,  and  considers  an  annual  draft  of  600  million  gallons  (equal  to 
1,845  acre-feet)  as  the  amount  that  might  be  obtained  from  the 
reservoir  with  that  dam. 

It  is  here  estimated  that  the  run-off  from  the  Juncal  would  have 
been  in  minimum  years  as  follows : 

Run-off  from  Juncal  reservoir. 

Acre-feet. 

1869-70 e03 

1870-71 335 

1897-98 0 

1898-99 1,114 

1899-1900 1,367 

It  must  be  remembered  that  these  estimates  are  only  approxima- 
tions based  upon  observations  on  other  streams  somewhat  similarly 
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situated  and  are  not  absolute.  However,  they  are  believed  to  be  fair 
conclusions  from  the  best  available  data,  and,  using  them,  we  can  not 
accept  the  conclusion  that  1,845  acre-feet  of  water  could  annually 
be  withdrawn  from  this  reservoir  site.  This,  however,  does  not  con- 
demn the  site,  if  it  is  used  in  connection  with  the  lower  site  to  supple- 
ment the  supply  in  dry  years.  It  is  believed  that  ultimately  this 
reservoir  may  be  constructed  for  this  purpose,  but  it  is  not  believed 
that  it  is  wise  to  base  a  water  supply  for  the  city  of  Santa  Barbara  on 
it  alone  with  its  drainage  basin  of  but  13  square  miles. 

REPORT  OF  R.  B.  CANFIELD,  1896. 

On  July  28,  1896,  Mr.  R.  B.  Canfield,  president  of  the  Santa  Bar- 
bara Water  Company,  made  a  report  supplemental  to  that  of  Purslow. 
Mr.  Canfield's  conclusions  are  also  of  interest  because  of  his  intimate 
and  accurate  knowledge  of  the  water  situation  near  Santa  Barbara, 
on  the  south  of  the  Santa  Ynez  Mountains.  It  must  be  remembered 
that  the  measurements  of  Wright  to  which  he  refers  were  made  in  a 
year  of  excessive  stream  flow. 

Canfield  says: 

Mr.  Wright  found  all  the  streams  east  of  Santa  Barbara,  together  with  Mission  Creek — 9 
streams  in  all — to  be  jrielding  daily  1,650,000  gallons,  and  the  15  creeks  west  of  Mission 
Creek,  to  and  including  the  Refugio,  to  be  yielding  daily  1,725,000  gallons,  but  he  justly 
dismisses  the  idea  of  obtaining  the  needed  supply  from  these  sources  as  impracticable, 
partly  owing  to  the  expense  of  gathering  and  conveying  the  supply  from  so  many  points 
and  over  so  long  distances,  and  partly  owing  to  the  fact  that  all  this  water  is  claimed  by 
riparian  owners  and  individual  water  claimants  and  water  companies  organized  to  supply 
districts  adjacent  to  some  of  the  streams.  It  is  well  known  that  the  demand  for  this  water, 
especially  in  the  neighborhood  of  this  city,  is  beyond  the  capacity  of  all  the  streams  to  supply, 
and  it  is  obvious  that  the  expense  of  obtaining  water  from  these  sources  would  be  pro- 
hibitive. 

AU  the  streams  (excepting  the  flow  of  the  Hot  Springs)  on  the  south  slope  of  the  range 
east  of  Mission  Creek  as  far  as  Romero  Canyon,  8  miles  distant,  were  yielding  when  meas- 
ured in  the  summer  of  1889  a  total  daily  flow  of  500,000  gallons,  while  the  creeks  west  of 
Mission  Canyon  to  and  including  San  Jose  Creek,  7  miles  distant,  were  yielding  a  total 
daily  flow  of  only  475,000  gallons,  notwithstanding  the  comparatively  abundant  rainfall 
of  preceding  seasons.  Even  though  these  were  the  minimum  quantities  to  be  obtained 
in  the  dry  season  from  these  streams  (which  is  far  from  being  the  case)  and  it  were 
possible  to  bring  them  all  to  Santa  Barbara  for  the  supply  of  the  city,  whether  by  surface 
diversion  or  by  means  of  tunnels  in  their  neighborhood,  which  would  intercept  the  supplies 
and  drain  their  channels,  it  would  not  be  desirable  to  do  so.  Santa  Barbara,  if  she  could 
afford  the  expense  necessary  for  the  acquisition  of  these  waters,  could  not  afford  the  loss 
she  would  suffer  by  the  destruction  of  the  prosperity  and  beauty  of  her  suburbs  of  Montecito 
and  Qoleta.  The  prosperity  of  Santa  Barbara  depends  in  a  large  measure  upon  that  of 
the  neighboring  rural  districts,  as  does  theirs  upon  that  of  the  city.  To  the  extent  to  which 
the  city  deprives  the  suburbs  of  their  natural  water  supply,  it  injures  itself. 

During  the  last  spring  borings  were  made  under  the  direction  of  the  city  engineer  west 
of  the  city  in  the  hope  of  finding  considerable  undergibund  currents,  but  without  success. 
The  subterranean  waters  in  the  eastern  part  of  the  ctiy  are  tapped  by  the  wells  of  the 
Santa  Barbara  Water  Company  for  the  supply  of  its  pumping  plant;  but  all  efforts  to 
obtain  the  large  additional  supply  which  the  city  needs  from  these  and  other  sources  have 
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only  tended  to  confirm  the  soundness  of  Mr.  Wright's  conclusion  when  he  said:  "I  con- 
sider Santa  Ynez  River  above  the  mouth  of  Blue  Canyon  to  be  not  only  an  available 
source  of  supply,  but  the  only  source  possible  for  the  future  supply  of  Santa  Barbara  with 
an  abundance  of  good  potable  water." 

Water  is  now  sold  in  Santa  Barbara  at  the  rate  of  about  16  cents  per  thousand  gaUons 
to  the  city  for  street-sprinkling  purposes  (at  the  rate  of  $35,000  per  year  for  1  second-foot) 
and  to  private  consumers  at  from  20  to  25  cents  per  thousand  gallons,  which  are  moderate 
rates  as  compared  with  those  realized  in  some  other  cities  in  this  State;  and  it  is  believed 
that  although  the  development  of  the  business  in  the  future  may  justify  some  reduction  of 
rates,  an  average  rate  of  15  cents  per  thousand  gallons  at  least  can  be  calculated  upon. 
The  city  requires  for  its  immediate  needs  at  least  1,000,000  gallons  of  water  daily,  and  its 
steady  growth,  soon  to  be  accelerated  by  the  completion  of  the  railroad  to  San  Francisco, 
will  be  constantly  increasing  this  demand. 

REPORT  OF  J.  LINN  MOVER,  190a. 

MONO  srnfi. 

On  August  5,  1902,  Mr.  J.  Linn  Moyer,  city  engineer  of  Santa  Bar- 
bara, made  a  report  based  on  a  reconnaissance  through  portions  of 
the  drainage  basin  of  Santa  Ynez  River,  particularly  examining  a  new 
reservoir  site  suggested  by  Mr.  Frank  E.  Kellogg,  which  the  latter 
had  observed  on  Mono  Creek,  the  largest  tributary  of  the  upper  por- 
tion of  Santa  Ynez  River.  Moyer  made  a  favorable  report  on  this 
situation,  based  on  this  reconnaissance,  and  made  recommendations 
that  further  examinations  be  made.  It  was  his  judgment  that  the 
reservoir  site,  which  is  called  the  Mono  site,  was  a  good  one  and  that 
the  water  supply  available  would  be  ample  to  meet  the  necessities 
of  the  city.  Pis.  Ill,  A,  and  IV,  -4,  5,  show  views  of  the  Mono  dam 
and  reservoir  sites.     He  recommended  as  follows: 

1.  That  the  exact  elevation  of  the  dam  site  be  determined  in  order  to  ascertain  whether 
or  not  the  water  could  be  conducted  to  the  cjty  tunnel. 

2.  That  borings  and  excavations  be  made  on  the  dam  site  to  ascertain  the  depth  of  bed 
rock  and  the  quality  of  same. 

3.  That  a  topographical  survey  be  made  of  the  reservoir  basin  in  order  to  determine  the 
height  necessary  to  construct  the  dam,  and  also  to  determine  the  amount  and  location  of 
land  necessary  to  be  purchased. 

4.  That  an  option  be  obtained  on  the  land  necessary  to  be  purchased,  as  will  be  shown 
by  the  topographical  survey. 

5.  That  a  chemical  analysis  be  made  of  the  waters  of  Mono  Creek. 

6.  That  the  grade  of  the  present  city  tunnel  be  reduced  to  the  lowest  possible  rate. 

Moyer  found  that  a  provision  should  be  made  to  furnish  a  continu- 
ous supply  of  1  million  gallons  per  day  in  addition  to  the  present  flow 
of  the  tunnel  in  order  to  fully  supply  the  entire  present  population  of 
the  city. 

CONCLUSIONS  DRAWN  FROM  FOREGOING  REPORTS. 

The  foregoing  reports  have  been  reviewed  in  extenso  because  doing 
so  brings  these  investigations  up  to  date  and  also  because  they  furnish 
a  proper  basis  from  which  to  start  on  the  present  investigations.     It 
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A.     MONO  DAM  SITE.   LEFT  ABUTMENT. 


B.     MONO  CREEK  RESERVOIR  SITE. 
View  upstream  from  dam  site. 
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will  be  seen  that  all  of  these  distinguished  authorities,  each  one  of 
whom  was  intimately  acquainted  with  the  local  situation,  agree  on 
the  following  vital  points : 

1.  That  the  present  supply  of  water  for  the  city  of  Santa  Barbara 
is  inadequate  and  that  unless  it  is  increased  the  material  develop- 
ment of  the  town  will  be  seriously  impeded. 

2.  That  there  is  no  adequate  water  supply  within  a  reasonable 
limit  of  the  city  of  Santa  Barbara  on  the  south  side  of  the  range  from 
which  the  city  could  be  suppUed,  and  even  if  the  water  of  such  small 
streams  as  there  are  coiJd  be  obtained  it  would  be  at  a  sacrifice  of 
existing  development. 

3.  That  it  is  feasible  and  desirable  to  obtain  an  adequate  supply  of 
water  from  the  drainage  basin  of  Santa  Ynez  River,  and  that  this  can 
be  done  at  a  profit. 

The  writer  has,  therefore,  taken  up  the  consideration  of  the  subject 
at  this  point  and  prepared  estimates  of  cost,  etc. 

POPUIiATION  AND  CONSUMPTION  OF  WATER. 

The  population  of  Santa  Barbara,  according  to  the  enumeration  of 
the  United  States  Census,  is  as  follows: 

Population  of  Santa  Barbara. 

1870 2,880 

1880 3,460 

1890 5,864 

1900 6,587 

1905  (estimated) 10,000 

1910  (estimated) 12,500 

The  rate  of  growth  of  Santa  Barbara  was  most  rapid  from  1880  to 
1890,  but  it  has  always  shown  a  substantial  increase  in  population. 
Projecting  it  into  the  future  we  obtain  the  populations  for  1905  and 
1910  as  stated  above.  It  is  believed  by  the  other  engineers,  as  well 
as  the  writer,  that  the  development  of  the  city  is  largely  dependent 
upon  an  adequate  water  supply,  not  only  in  the  city  but  upon  the 
adjacent  suburban  property.  If  this  is  once  obtained  it  may  be 
expected  that  the  population  wiU  more  rapidly  increase.  Among 
people  looking  for  future  homes,  especially  in  the  West,  the  water 
question  is  considered  one  of  prime  importance  in  the  selection  of  a 
residence.  At  present  (1903)  the  municipal  waterworks  has  some 
709  taps  through  which  water  is  served,  and  the  Santa  Barbara 
Water  Company  has  about  900,  making  a  total  of  1 ,609  taps,  serving 
a  popiJation  of  about  8,045  persons.  The  Gates  system  supplies  50 
taps  more. 

In  May,  1902,  301  meters  of  the  municipal  waterworks  indicated 
81  gallons  per  capita  daily  consumption.     In  June,  1902,  329  meters 
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indicated  a  consumption  of  82  gallons  per  capita.  In  July,  1902,  369 
meters  indicated  a  consumption  of  75.5  gaUons  per  capita  per  day. 

It  will  be  seen  that  55  per  cent  of  the  city's  services  are  metered. 
It  is  estimated  that  15  gallons  per  capita  per  day,  not  included  in  the 
above  rate,  are  used  in  public  buildings  and  in  street  sprinkling.  It 
would  probably  be  fair  to  say,  using  round  numbers,  that  the  present 
consumption  of  the  city  is  100  gallons  per  capita  per  day.  This  is  a 
rather  low  rate  of  consumption  for  a  California  city ,  and  in  all  probabil- 
ity the  city  would  use  to  advantage  more  water  if  it  were  avail- 
able at  reasonable  prices.  The  consumption  in  Los  Angeles  before 
meters  were  introduced,  in  the  summer  of  1901,  was  306  gallons  per 
capita  per  day.  After  the  introduction  of  several  thousand  meters  it 
is  now  242  gallons  per  capita  per  day.  The  water  commissioners  of 
that  city  in  their  annual  report  for  1902  estimate  that  a  reasonable 
consumption  woiJd  be  150  gallons  per  capita  per  day  for  metered 
services.  The  city  of  San  Jose,  in  1890,  was  using  194  gallons  per 
capita  daily.  Wright,  in  his  report  to  the  city,  estimated  on  a  con- 
sumption of  200  gallons,  and  Purslow  considered  that  130  gallons 
should  be  sufficient. 

Considering  the  evidence  in  the  case,  it  is  believed  that  it  is  desir- 
able, for  the  proper  development  of  the  city,  improvements  of  lawns, 
gardens,  etc.,  that  150  gallons  daily,  as  an  average  for  the  year,  should 
be  used,  and  this  has  been  adopted  as  a  proper  basis  for  this  report. 

In  considering  the  storage  of  flood  waters  necessary  to  meet  this 
situation,  it  has  been  estimated  that  60  per  cent  of  the  water  supply 
would  be  used  in  the  six  summer  months,  and  40  per  cent  in  the 
six  winter  months.  The  question  of  evaporation  from  reservoirs 
is  an  important  one  in  estimating  on  a  storage  system.  It  is  believed 
that  the  annual  evaporation  from  reservoirs  in  the  basin  of  the 
Santa  Ynez  would  be  approximately  42  inches  in  depth,  67 i  per 
cei>t  of  this  occurring  in  the  six  summer  months,  and  32^  per  cent 
in  the  six  winter  months.  From  a  study  of  the  monthly  rainfall 
tables  of  precipitation  occurring  at  Santa  Barbara  (see  table  11) 
it  appears  that  there  would,  in  all  probability,  have  been  no  material 
addition  to  the  waters  stored  in  any  reservoirs  in  tlus  locality  from 
May  1,  1876,  to  December  1,  1877,  a  period  of  nineteen  months. 
Again,  between  April  1,  1897,  and  October  1,  1898,  or  for  a  period 
of  eighteen  months,  there  would  have  been  no  material  addition. 
It  will  be  necessary,  therefore,  in  order  to  prepare  for  the  worst  condi- 
tion that  will  probably  occur  in  the  future,  as  judged  by  a  record 
of  thirty-six  years'  rainfall  in  the  past,  to  construct  reservoirs  that 
will  hold  a  supply  of  water  for  a  period  of  nineteen  months  of  con- 
tinuous withdrawal  without  replenishment. 

With  a  population  of  10,000  persons  in  1905,  reasonably  within 
sight  and  necessary  to  immediately  prepare  for,  at  150  gallons  per 
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day,  there  will  be  a  consumption  of  1,500,000  gallons  daily.  This 
amount  of  water  withdrawn  for  a  period  of  nineteen  months  will 
require  2,826  **  acre-feet  for  actual  domestic  uses.  It  is  also  neces- 
sary to  provide  for  a  loss  by  evaporation  of  about  692  acre-feet 
(for  a  reservoir  of  this  size  for  nineteen  months),  or  a  total  of  3,518 
acre-feet  for  use  and  evaporation  during  the  worst  period  of  drought 
that  the  city  will  probably  ever  have  to  face. 

Reducing  it  to  a  monthly  withdrawal,  there  will  be  required  for 
sununer  use  170  acre-feet,  for  summer  evaporation  about  45  acre- 
feet,  and  for  summer  use  and  evaporation  215  acre-feet. 

From  surveys  that  have  been  made  of  the  reservoirs,  described 
later  in  this  report,  it  appears  that  a  dam  85  feet  high  at  the  Mono 
site,  impounding  water  to  a  depth  of  75  feet,  will  give  storage  capac- 
ity for  3,880  acre-feet  of  water — enough  to  meet  the  above  needs, 
even  assuming  the  severe  conclusions  that  no  permanent  supply 
can  be  relied  upon  from  the  tunnel,  and  that  the  municipality  is 
to  furnish  all  the  water  for  the  town.  Similarly  a  dam  100  feet 
high  at  the  Gibraltar  site  (see  p.  55)  would  give  an  equal  capacity 
and  have  tributary  thereto  a  larger  and  better  water  supply. 

NEAR-BT  SUPPIilES. 

The  question  of  local  water  supply  on  the  south  side  of  the  range 
was  extensively  discussed  under  the  review  of  the  reports  of  Wright, 
Purslow,  and  Canfield.  Generally  speaking,  the  amount  now 
available  for  the  city  may  be  taken  in  average  years  as  300,000 
gallons  daily  from  Mission  Creek,  300,000  gallons  from  the  De  la 
Guerra  wells  (statement  by  Purslow),  and  350,000  gallons  from 
the  city  tunnel,  making  950,000  gallons  to  meet  an  estimated  normal 
present  demand  of  1,200,000*  gallons,  or  a  deficit  daily  of  250,000 
gallons. 

a  One  acre-foot  is  equivalent  to  325,851  gallons. 
bOn  basis  of  150  gallons  per  day  for  8,000  persons. 
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The  following  measurements  of  Mission  Creek  taken  at  various 
times^  as  stated,  may  be  of  interest  in  this  connection: 

Table  4. — Discharge  measurements  on  Mission  Creek. 


Date. 

1888. 
Jan.  15 
24 
Feb.  7 
Mar.  16 
July  26 
29 

1889. 
July     13 
17 
Aug. 

18 
Sept.      1 

1892. 
June    11 

1894. 
June    28 

1900. 
Way     10 
June    17 


Hydrographer. 


A.  Poett. 
do.. 


.do. 
.do. 
.do. 


.do. 
.do. 


G.  F.  Wright. 

A.  Poett 

do , 


.do. 


Flourney. 

do... 

L.  Moyer. 


DiacharoB 

in  seconB- 

feet.a 


0.93 
2.80 
1.37 
2.23 
.36 
.28 

.43 
.36 
.34 
.21 
.32 

.36 

.24 

.25 
.045 


Gallons  per 
day. 


605,594 
18,200,000 
888,552 
1,452,000 
233,000 
184,747 

282,609 
232,551 
219,672 
137,052 
206,821 

232,673 

155, 115 

161,600 
»29,084 


a  One  second-foot  is  equivalent  to  JiO  miner's  inches. 
b  Above  diversion  not  on  bed  rock,  200  feet  above  dam. 

Table  5. — Measurements  in  Mission  Canyon. 
\50  miner's  inches=l  cubic  foot  per  second.] 
AT  NOTCHED  WEIR  NEAR  PORTAL  OF  PROPOSED  NEW  CITY  MISSION  TUNNEL. 


Date. 

Time. 

Hydrographer. 

Discharge 
in  inches. 

1903. 
Aug.    14 
15 

2. 30  p.  m 

8.  30  a.  m 

R.  Ti.  North  and  J,  Oompt^n. . , 

6.367 

do 

9.474 

15 

9  a.  m 

do 

&817 

15 
15 
15 

9.30  a.  m 

do 

8.817 

10  a.  m 

do 

&689 

10.30  a.  m 

do 

8.140 
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MISSION   OBEEK. 


27 


Table  5. — Measurements  in  Missian  Canj^tmr— Continued. 

AT  NOTCHED  WEIR  NEAR  PORTAL  OF  PROPOSED  NEW  CITY  MISSION  TUNNEL-C'fd. 


Date. 

Time. 

Hydrographer. 

Discharge 
iniaches. 

1903. 
Aug.    15 
15 
15 

11  a.  m 

R.  L.  North  and  J.  Compton 

7.823 

11.30  a.  m 

12  m 

do 

do 

7.832 
7.242 

15 
15 

12.30  p.  m 

1  p.  m 

do 

do 

6.969 
6.363 

15 

1.30  p.  m 

do 

6.109 

15 

2  p.  m 

do 

5.600 

15 

2.30  p.  m 

do ! 

5.350 

15 
15 

3.pm 

3.30  p.  m 

do 

do 

5.220 
4.851 

15 

4  p.  m 

do 

4.851 

15 

4.30  p.  m 

do 

4.851 

15 

6  p.  m 

do 

5.042 

AT  OLD  MISSION  DAM. 


1903. 
Aug.  22 
23 
24 
24 
25 
27 


6.30  p.  m L.  M.  Hyde  and  R.  L.  North 

9.10  a.  m [ do 

8.25  a.  m I  L.  M.  Hyde,  R.  L.  North,  and  Q.  D.  Morrison. 


6.15  p.  m 

7.45  a.  ra 

7.15  a.  m 


do 

L.  M.  Hyde  and  R.  L.  North 

R.  L.  North,  R.  F.  Wyckoff,  and  G.  D.  Morrison. 


AT  NOTCHED  WEIR  AS  ABOVE. 


0.909 
4.762 
8.333 
6.896 
10.000 
10.000 


1903. 
Aug.    27 
27 

8.30  a.  m 

9  a.  m 

R.  L.  North  and  R.  F.  Wyckoff 

9.080 

do 

9.080 

27 

1  p.  m 

do 

7.070 

27 

1.30  p.  m 

do 

6.420 

27 

2  p.  m 

do 

5.750 

27 

2.30  p.  m 

do 

5.750 

27 

3  p.  m 

do 

5.410 

27 

3.30  p.  m 

do ^ 

4.950 

27 

4  p.  m 

do 

4.990 

27 

4.30  p.  m 

do 

4.^90 

27 

5  p.  m 

do 

4.810 
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Table  5. — Measurements  in  Mission  Canyon — Continued. 
AT  OLD  MISSION  DAM. 


Date. 

Time. 

Hydrographer. 

Dischaise 
ininchee. 

1903. 
Oct.       3 

2.20  p.  m 

J.  L.  Mover.  T.  B.  Curlev.  and  D.  Bovle 

5.320 

AT  NOTCHED  WEIR  AS  ABOVE. 


1903. 
Oct.  19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 


Nov. 


8  a.  m 

8.30  a.  m. . 

9  a.  m 

9.30  a.  m. . 

10  a.  m.... 
10.30  a.  m. 

11  a.  m 

11.30  a.m. 

12  m 

12.30  p.  m. 

1  p.  m 

1.30  p.m.. 

2  p.  m 

2.30  p.  m.. 

3  p.  m 

3.30  p.  m.. 

4  p.  m 

4.30  p.  m.. 

5  p.  m 

8.30  a.  m. . 

9  a.  m 

9.30  a.  m. . 

10  a.  m.... 
10.30  a.  m. 

11  a.  m 

11.30  a.  m. 

12  m 

12.30  p.  m. 

1  p.  m 

1.30  p.m.. 

,  2  p.  m 

2.30  p.  m.. 

3  p.  m 

3.30  p.  m. . 


L.  M.  Hyde  and  C.  M.  Elliott. 

do 

do 

do 

do : 

do 

do 

do 

do 

do 

do 

do 

do 

CM.  Elliott 

do 

do 

do 

do 

;...do 

G.  D.  Morrison 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do... 

do 

do 

do 


7.532 
7.356 
6.742 
6.314 
6.158 
6.003 
6.003 
5.803 
5.600 
5.317 
5.042 
4.810 
4.591 
4.591 
4.378 
4.255 
4.169 
4.169 
3.970 
8.817 
8.753 
7.708 
7.416 
7.187 
6.852 
6.792 
6.579 
6.579 
6.261 
6.003 
6.003 
5.853 
5.903 
5.600 
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Table  5. — Measurements  in  Mission  Canyon — Continued. 
AT  NOTCHED  WEIR  AS  ABOVE-Continued. 


Date. 


Time. 


1903. 
Nov.  4 
4 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
24 
24 
24 


Dec. 


Hydrograpber. 


4  p.  m G.  D.  Morrison. 

4.30  p.  m do 

8.30  a.  m R.  F.  Wyckoflf. . 

9  a.  m do 

9.30  a.  m do 

10  a.  m do 

10.30  a.  m do 

11  a.  m do 

11.30  a.  m do 

12  m do 

12.30  p.  m do 

1  p.  m do 

1.30  p.  m do 

2  p.  ra do 

2.30  p.  m do 

3  p.  m do 

3.30  p.  m do 

4  p.  m do 

4.30  p.  m do 

8.30  a.  m R.  L.  North.... 

9  a.  m do 

9.30  a.  m ' do 

10  a.  m do 

10.30  a.  m *. .  -do 

11  a.  m do 

11.30  a.  m do 

12  m do 

1  p.  m do 

1.30  p.  m do 

2  p.  m do 

2.30  p.  m do 

3  p.  m do 

3.30  p.  m do 

4  p.  m do 

4.30  p.  m do 

5p.  m do 

10.30  a.  m G.  D.  Morrison. 

11  a.  m do 

11.30  a.  m do 


Discharge 
in  inches. 


5.750 
5.600 
8.689 
7.945 
7.299 
7.242 
6.595 
6.792 
6.687 
6.420 
6.314 
6.314 
5.853 
5.600 
5.269 
5.131 
4.950 
4.851 
4.680 
6.370 
6.690 
6.000 
5.900 
5.650 
5.650 
5.510 
5.510 
5.040 
4.850 
4.720 
4.680 
4.680 
4.340 
4.300 
4.130 
a970 
7.470 
6.560 
6.370 
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Table  5. — Meatnmmeni*  in  Mission  Canyon — Continued. 
AT  NOTCHED  WEIR  AS  ABOVE— Continiwd. 


Dftte. 

Time. 

Hydrographer. 

DiflohaiiKe 
in  inches. 

1903. 
Dec.    24 

12  m 

G.  D.  Morrison 

6.210 

24 

12.30  p.  m 

Ho 

6.160 

24 

1  n.  m Ho..   __     

6.160 

24 

r          " 

1.30  p.  m 

do 

5.950 

24 

2  p.  m 

do 

5.600 

24 

2.30  p.  m 

do 

5.460 

24 

• 
3d.  m 

do 

5.320 

24 

3.30  p.  m 

do 

5.080 

24 

4  D.  m 

do 

5.040 

1904. 
Feb.    29 

M.    1^.    »*m.  .......... 

11.15  a.  m 

3.30  p.  m 

L.  M.Hyde 

18.190 

Mar.     14 

do 

16. 310 

AT  OLD  MISSIOK  DAM. 


Table  6. — Measurements  in  RaUlesnake  Canyon. 

AT  NOTCHED  WEIR  ABOUT  300  FEET  UPSTREAM  FROM  WHERE  WATER  IS  DIVERTED 
FOR  SANTA  BARBARA  WATER  SUPPLY. 

[60  miner's  inches=l  cubic  foot  per  second.] 


Date. 

Time. 

• 
Hydrogiapber. 

Diaoh&igB 
inincheB. 

1903. 
Aug.     17 

8.30  a.  m 

9  a.  m 

R.  L.  North  and  J.  Compton 

2.507 

do 

2.596 

9.30  a.  m.   .   .     . 

...do 

2:507 

10  a.  m  . 

..do 

2.216 

10.30  a.  m. . .     . 

....do 

2.216 

11a.  m 

.       .do 

2.216 

11.30  a.  m 

.     ..do 

2.261 

12  m 

do 

2.261 

12.30  p.  m 

do 

2.216 

1  D.  m 

do 

2.261 

1.30  p.  m 

do 

2.216 

2  p.  m 

do 

2.216 
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Oct. 


Nov. 


2.30  p.  m. 

3  p.  m. 
3.30  p.  m do 

4  p.  m I do 

4.30  p.  m ' do 

5  p.  m i do 

■^  1 

3.45  p.  m I  J.  L.  Moyer,  T.  B.  Curley ,  and  D.  Boyle. 

8.30  a.  m R.  L.  North. 


9  a.  m 

9.30  a.  m. . 

10  a.  m.... 
10.30  a.  m. 

11  a.  m 

11.30  a.  m. 

12  m 

12.30  p.  m. 

1  p.  m 

1.30  p.  ni.. 

2  p.  m 

2.30  p.  m. . 

3  p.  m 

3.30  p.m.. 

4  p.  m 

4.30  p.  m.. 

5  p.  m 

9.30  a.  m. . 

10  a.  m.... 
10.30  a.  m. 

11  a.  m 


do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

G.  D.  Morrison. 

do 

do 

do 


11.30  a.  m do. 

12  m 

12.30  p.  m 

1  p.  m 

1.30  p.  m 

2  p.  m 

2.30  p.  m 

3  p.  m 

3.30  p,ro 

4p,pi,,,,. 


.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 


Table  6. — MetuuremerUs  in  RatUesnaJce  Canyon — Continued. 

AT  NOTCHED  WEIR  ABOUT  200  FEET  UPSTREAM  FROM  WHERE  WATER  IS  DIVERTED 
FOR  SANTA  BARBARA  WATER  SUPPLY-Conttnued. 


1903. 
Aug.  17 

17 

17 

17 

17 

17 

3 

19 

19 

19 

19 

19 

19 

19 

19 

19 

19 

19 

19 

19 

19 

19 

19 

19 

19 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

S 

3 

3 

3 


2.132 
2.080 
2.080 
2.080 
2.080 
2.216 
2.261 
1.772 
1.627 
1.492 
1.582 
1.471 
1.582 
1.582 
1.302 
1.448 
1.403 
1.242 
1.471 
1.302 
1.262 
1.403 
1.514 
1.448 
1.514 
1.871 
1.847 
1.897 
1.822 
1.797 
1.797 
1.746 
.1.772 
1.772 
1.651 
1.746 
1.722 
1.722 
1.772 


Digitized  by  VjOOQIC 


32 


WATER   PROBLEMS   OF   SANTA    BARBARA,   CAL. 


[NO.  U6. 


Table  6. — Measurements  in  Rattlesnake  Canyon — Continued. 

ATNOTCHEDWEIRABOUT200FEETUPSTREAMFROM  WHERE  WATER  IS  DIVERTED 
FOR  SANTA  BARBARA  WATER  SUPPLY-Continued. 


Date. 


Time. 


Dec. 


1902. 
Nov.       3 

15 

15 

15 

15  I 

15  ; 

15  I 

15 

15 

15 

15 

15 

15 

15 

15' 

15  I 

15  , 

28 

28 

28 

28 

28 

28  ' 

28 

28  1 

28  1 

28, 

28 

28 

28  , 

28 

28 

28  I 

23 

23 

23  , 

23 

23  I 


Ilydrographer. 


G.  D.  Morriaon. 


Diflchifrfpe 
In  inches. 


4.30  p.  m 

9  b.  m K.  F.  Wyckoff 

9.30  a.  m , do 

10  a.  m ' do 

10.30  a.  m ' do 

11  a.  ni do 

11.30  a.  m do 

12  m do 

12.30  p.  in 1 do 

I  p.  m do 

1.30  p.  m do 2.080 

2p.  m ' do 1.972 


1-772 
2.360 
2.360 
2.272 
2.160 
2.160 
2.132 
2.  132 
2.080 
2.080 


2.30  p.  m do 

3  p.  m do 

3.30  p.  m do 

4  p.  in ' do 

4.30  p.  m do 

8.30  a.  m G.  D.  Morrison. 

9  a.  m do 

9.30  a.  m ' do 

10  a.  m do 

10.30  a.  m do 

11  a.  m ' do 

11.30  a.  m do 

12  m do 


2.051 
2.080 
2.051 
2.051 
2.080 
2.160 
2.110 
2.030 
^O'iO 
2.000 
1.950 
1.950 
1.900 
1.950 

I'p.  m do 1.900 

1.30  p.  m do 1.850 

2p.  m I do ,      1.820 

1.820 
1.770 
1.720 
1.750 
2.510 
2.510 
2.480 
2.480 
2.390 
2.36Q 


12.30  p.  m ' do 


2.30  p.  m ' do. 


3  p.  m 

3.30  p.  m 

do 

do 

4  p.  m 

do 

9  a.  m 

do 

9.30  a.  m 

do 

10  a.  m 

do 

10.30  a.  ra 

11  a.m 

do 

do ; 

11.30  a.  m 

do 
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Table  6. — Measurements  in  Rattlesnake  Canyon — Continued. 


AT  NOTCHED  WEIR  ABOUT  200  FEET  UPSTREAM  FROM  WHERE  WATER  IS  DIVERTED 
FOR  SANTA  BARBARA   WATER  SUPPLY— Continued. 

Date. 

Time. 

H3'drographer. 

Discharge 
in  inches. 

1903. 
Dec.     23 

12m          

G.  D.  Morrison 

2.360 

23 

12.30  p.  m. .     - 

Hn                            

2.270 

23 

1  p.  m                              do 

2.270 

23 

1 .30  p.  m              .           do 

2.3.30 

23 

2  D.  m       .                  .  -  do 

2.360 

23 

2.30  p.  m      .                  do. .             

2.360 

23 

3  p.  m                    '          do 

2.360 

23 

3.30  p.  m                         do.           

2.390 

23 

4  p.  ra do 

2.450 

1904. 
Apr.       7 


1.45  p.  m L.  M.Hyde 

I 


12.460 


DE  LA  GUERRA  WELLS. 

At  the  De  la  Guerra  pumping  station  there  are  seven  cased  wells 
from  200  to  700  feet  deep.  These  discharge  into  a- concrete  well  25 
feet  in  diameter  and  30  feet  deep,  having  a  capacity  of  110,160  gal- 
lons. This  well  fills  during  the  night  and  is  pumped  out  during  the 
day.  If  the  wells  are  considered  as  discharging  as  much  during  the 
day  as  they  do  during  the  night  when  the  tank  is  filling,  their  flow 
at  present  is  about  220,000  gallons  daUy  and  is  (in  1903)  decreasing. 
As  the  pumps  run  more  than  twelve  hours  each  day  the  output  is  cor- 
respondingly greater.  There  is  installed  at  this  station  one  Prescott 
pump  of  li  million  gallons  nominal  capacity  and  one  Worthington 
pump  of  1  million  gallons  capacity  daUy.  The  pumps  discharge 
directly  into  the  city  mains  and  work  against  a  pressure  head  of 
trom  100  to  120  pounds.  Mr.  Wright  states  that  in  August,  1889, 
a  six-day  test  of  these  wells  indicated  a  capacity  of  600,000  gallons 
daUy.  It  is  stated  that  these  wells  afterwards  failed  and  that  deeper 
wells  were  then  sunk,  from  which  the  present  supply  is  now  obtained. 

CITY  TUNNEL. 

In  the  month  of  January,  1896,  the  eity  of  Santa  Barbara  started  a 
tunnel  for  the  development  of  water  in  sec.  36,  T.  5  N.,  R.  26  W.,  San 
Bernardino  meridian.  The  tunnel  has  been  successful  in  this  particu- 
lar and  has  been  of  inestimable  service  *to  the  city  in  sustaining  it 
through  the  period  of  intense  drought  of  the  last  few  years.  The 
tunnel  is  7  feet  high  and  5  feet  wide  at  the  base.  The  elevation  of 
IRR  116  -05 3 
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the  portal  is  approximately  1,400  feet  above  sea  level,  and  it  was 
driven  for  the  first  4,800  feet  of  its  length  on  a  grade  of  1  foot  in  100. 
The  purpose  in  running  the  tunnel  at  first  was  solely  to  develop  water 
and  not  with  the  intention  of  extending  it  on  through  the  mountains. 
It  will  be  noted  from  the  table  of  discharge  that  during  its  construc- 
tion the  discharge  was  surprisingly  con^ant,  irrespective  of  length. 
Enough  water  is  thus  obtained  for  a  number  of  consumers,  but  not 
enough  to  supply  a  large  town  or  city.  The  amount  of  water  which 
was  extracted  from  the  mountain  was  sufficient  to  pay  for  the  cost  of 
the  excavation.  It  is  quite  possible  that  in  years  of  ordinary  rain- 
fall the  unregulated  flow  of  water  from  the  tunnel  would  have  been 
more  constant,  but  the  years  of  construction  were  ones  of  unusual 
drought.  However,  from  the  fact  that  the  water  supply  has  not  been 
materially  increased  by  lengthening  the  tunnel,  and  that  the  flow 
of  the  water  pays  for  the  cost  of  the  work,  it  has  been  a  natural  and 
logical  sequence  that  the  city  should  contemplate  the  extension  of 
this  or  some  other  tunnel  entirely  through  the  Coast  Range  into  the 
drainage  basin  of  the  Santa  Ynez  in  order  to  make  available  the 
water  of  this  large  mountainous  area.  The  timnel  work  has  been 
carried  on  with  intelligence,  the  power  from  the  water  coming  there- 
from being  conducted  through  pressure  pipes  and  used  for  the  run- 
ning of  drills  for  the  excavation  work. 

COST  OF   TUNNEL. 

As  a  guide  to  what  the  city  may  expect  in  the  future,  the  expense 
of  doing  this  tunnel  work  is  of  interest.  It  will  be  noted  that  there 
has  been  variation  in  the  cost,  owing  to  local  conditions  of  the  labor 
market,  etc.  The  city  has  instaUed  the  machinery  necessary  for 
doing  the  work,  and  the  contractor  has  furnished  the  labor  and 
material  necessary  for  its  prosecution  at  the  rate  named  in  the  table. 

Table  7. — Cost  o]  labor  and  material  in  driving  city  tunnel. 


Distance  excavated. 

Price  per 
fooC 

Distance  excavated. 

Price  per 
foot. 

Feet. 

Feet. 

0  to  1,000 

$5.50 

1,642  to  1,760 

1,000  to  1,146 

7.50 

1,750  to  l,786i.... 

$13.76 

1,146  to  1,202 

8.73 

l,786i  to  2,286,.... 

9.30 

1,202  to  l,276i 

7.58 

2,286  to  2,572 

10.00 

l,276i  tol,363i.... 

4. 89 

2,572  to  3,072 

10.75 

1,3631  to  1,434J.... 

8.25 

3,072  to  3,572 

10.48 

l,434i  to  1,500 

9.00 

3,572  to  4,072 

9.17 

1,500  to  1,582 

1 

4.072  to  5,072 

9.00 

1,582  to  1,642 

9.00 

Digitized  by  VjOOQIC 


UPP1KC50TT.]  CITY   TUNNEL.  35 

DISCHARGE   OP   TUNNEL. 

The  tunnel  is  run  in  a  sandstone  and  shale  formation  characteristic 
of  the  Coast  Range,  the  rock  being  considerably  broken  and  some- 
what stratified.  As  the  work  progresses  many  crevices  and  cavities 
in  the  rock  filled  with  water,  probably  from  rainfall,  are  found, -and  as 
the  tunnel  cuts  the  various  liftes  of  cleavage  these  undei^ound  reser- 
voirs are  tapped.  The  actual  rock  is  not  of  a  very  porous  nature  and 
in  itself  does  not  yield  much  water,  but  it  is  beUeved  that  these  cavities 
will  be  refilled,  at  least  in  part,  by  subsequent  rains  and  that  a  material 
amount  of  water  can  be  permanently  withdrawn  from  the  tunnel.  If 
the  city  does  obtain  a  supply  therefrom  permanently  there  will  be 
just  that  much  more  water  at  its  disposal,  and  there  certainly  is  a 
market  for  it  all,  either  in  the  city  or  on  adjoining  agricultural  lands. 

The  water  is  led  from  the  tunnel  to  two  city  reservoirs,  each  with  a 
capacity  of  1,600,000  gallons,  situated  at  an  elevation  of  350  feet 
above  the  city  datum  plane. 

The  power  now  available  at  the  tunnel  for  driving  the  drills  and 
blowers  is  inadequate  for  its  continuation.  Generally  speaking,  it 
requires  from  10  to  12  horsepower  to  run  each  air  drill,  not  including 
the  power  for  the  blowers  for  ventilation. 

In  order  to  regulate  the  flow  of  water  from  this  tunnel  after  the  last 
contract  was  finished,  to  the  5,000-foot  point  from  the  heading,  a  bulk- 
head was  designed  by  the  author  and  placed  in  the  tunnel  about  800 
feet  from  the  portal.  During  the  winter  of  1902-3  there  was  a  fair 
amount  of  rainfall  and  the  streams  were  capable  during  that  time  of 
meeting  the  demands  of  the  city.  As  soon  as  the  bulkhead  could  be 
closed  this  was  done — about  July  1, 1903. 

Because  of  the  fissured  condition  of  thexock  in  the  tumiel  it  was  not 
feiisible  at  the  point  where  the  bulkhead  was  first  placed  to  com- 
pletely close  the  supply  from  the  heading,  as  springs  occurred  below 
the  bulkhead  toward  the  portal,  flowing  in  considerable  volume. 
However,  the  pressure  ran  up  to  49  pounds  to  the  square  inch  on 
July  25,  as  recorded  by  the  pressure  gage  placed  in  the  discharge 
pipe,  indicating  an  accumulated  head  of  water  back  of  the  bulkhead 
of  1 14  feet.  This  shows  that  the  tunnel  was  developed  into  a  storage 
reservoir.  The  gate  valve  in  the  bulkhead  was  gradually  opened  as 
the  season  progessed,  and  the  supply  maintained  a  flow  ef  from  24  to 
33  miner's  inches  during  the  remainder  of  the  summer.  On  October 
17,  when  the  valve  was  completely  opened  and  the  pressure  had  been 
reduced  to  zero,  the  flow  had  fallen  to  24  miner*s  inches.  This  was 
sufficient  to  carry  the  city  through  the  summer  successfully. 

During  the  winter  of  1903-4  a  new  bulkhead  was  placed  at  a 
point  in  the  tunnel  where  a  heavy  clay  seam  occurs  in  the  rock.  This 
new  bulkhead  was  more  effective  than  the  first  one  constructed  in 
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holding  back  the  water.  It  is  hoped  that  this  will  form  an  impervious 
barrier  against  the  passage  of  the  ground  water,  thus  enabling  the 
tunnel  to  accumulate  a  high  head  of  water.'' 

Table  8a  shows  the  variation  in  volume  discharged  from  the 
tunnel,  as  well  as  the  pressure  in  pounds  per  square  inch,  as  the  season 
advances. 

Table  8.  —Flow  of  water  from  city  tunnd. 


Date. 


Length  of 

tunnel  in 

feet. 


1900. 

May  1 2,952 

July  26 3,078 

August  1 3,103 

October  27 3,267 

November  4 3, 280 

1901. 

January  9 '  3, 393 


3,448 
3,561 
3,614 
3,680 
3,740 
3,792 


February  1 

February  28 

April  1 

May  1 

June  1 

July  I 

August  1 3,865 

1902. 

February  4 

March  4 

March  31 

April  29 

June  7 

July  25 

August  4 

September  2 

December  1 


4,182 
4,256 
4,309 
4,367 
4,509 
4,560 
4,578 
4,647 
4,832 


Flow  in 
miner's 
inchee.<> 


Plow  in 

gallons  per 

day. 


25.00  I 

19.00 

19.00 

20.00 

25.00 

38.00 
50.00  I 
63.33 
55.00^ 
45.00 
45.00  I 
^35.00 
30.00 

r 

30.00  I 

30.00 

33.00 

30.00 

24.00 

25.50 

27.75 

30.30 

30.00 


323.125 
245,575 
245,575 
258,  £00 
323,125 

491,150 
646,250 
818,583 
710, 875 
581,625 
581,625 
452,375 
387,750 

387,750 
387,750 
426,525 
387,750 
310,200 
329,588 
358,669 
391,628 
387, 7r0 


0  24.50  inches  of  rain  fell  at  Montedto  between  September  24.  1904,  and  March  3, 1905,  and  the  pres- 
■ure  on  the  tunnel  bulkhead  had  increased  to  80  pounds  per  square  inch. 
''50  miner's  inches  are  equivalent  to  1  second-foot,  and  1  miner's  inch  to  12,925  gallons  per  day. 
c  Estimated. 


Digitized  by  VjOOQIC 


LIPPINCOTT.) 


CITY   TUNNEL. 


37 


1 


<§ 


^ 


lii^ 


24^  o> 


c«McocoAraAraracococoAncoc9n94ncocQCQC9COCoc>5ccc9c4co 


»2 


II 


.  I 


iiiggggs§§§iiiii§ii§iss§ii§iggs  m 


r 

:8 


S!3iS!gS$$SSSSSS8SSSS8SSSSSi;3!3S$SS 


§g§Siiiiii§§§§§§§ii§§l§§§§§§iil 


a5o>  '  o 


1 


I  ^  I II 


9S39S!9SSa39S$SS!9SS!388SS^833SS 


2J 


i$iiiiii§§§si§§§§Ss§§§§§§i§§§i 


§s§gs§s§g§sg§sgss§iii§g§§§gi 


§i 


g 


i    'I 


P 


V.S''    ^8SSSSSSSSS!^9i3!^i3i3iSS$88888^$SS3S 


I 

go 

s 

08 

s 

I 

I 

i. 

II 

^1 


•o  3 

943 


Is 
I* 

11 


If 
'11 

I 


Is 


^^^ssssssss^l^^^^^^l^ggg^ll^gll  ,  i§ 


:ss§i§i^si§§i§§i§§§si§ii§§a^^§§  :§ 


ill 

lit 


o  ► 


I 


^e«eo^u3«i^QOO»o^ 


2=223221:  S228S«SS?58S?58S5 


«^ 


Digitized  by  VjOOQIC 


38 


WATKB  PROBLEMS   OF  SANTA   BARBARA,   OAL, 


[wo.m. 


1 

.9 


1 


s  e  ;  8P.8A§SMM-M.2SS2M885SMS8=i 


§3 


§3§WSWi8WS'itl¥lfiS§l§§l33ll'i 


i;l 


|J!|} 


CO 


o§S§§§§oSSSS§§iSSi§§SSsslcSiSS§S 


§s§ss§§§§§§ssgggsgsgg§3Siisggii§ 


55R 


eg 


1 


Is 


§§§§§§ggSSgg§s§gig959S3SS§S§i8§ 


li 


g§ggg§iS§§§§§giSS§IIS§§il3§§iSI 


i§ 


tiS 


SSSSS9SS88SSSS9iSS9S8SSSSeSSS888 


o 


§§§ssi§§§§s§i§sg§ss§gggggss§iis 


I 


s 

t5 


11 


S9SSS$9$SSSSSSS$SSSSigSS8SS!il83S 


ggggsgggggig§§§i§§ii§§§§siigsi 


AAARAnnn^M^cira  WW  CO  CO  CO  CO  co  coco  co  cococo  co  M  coco 


§§ 


^8 

l! 

•6  .  ; 

§15  I 


Siggli§§§i§ilg§SSs§§§§ggiiSi§i§ 


§s 


3:$SS8$SSS99938Si89SS8a9S8SS88$88 


8oS»oS;oSSSS«SdS^3nSS$99999$99$$$$ 


5»e 


:5 


§§§§§§§§§§§§§§§§ggS§SS§§SSgsS§§ 


I     ':% 


nranncSrarararawn  w  row  N  c5  w  vi  www  W  w  w  w  w  w  w  w  w  w         •  w 


a 


^e>«eo^*04or«ooo»o^c«W'«>o<or«oo9Q^ 


;:SS;S:SS;:;SSSc;»a2$38S9»882S 


Digitized  by  VjOOQIC 


LT«»I1I00TT.] 


OITY   TUNNEL. 


39 


II 


o   a5 


h 


llll 


CO  CO  W  coco  WtocoWWWWcococoWwWcoMwWoococococococococo 


^§§§§§§§§§§§§§§§§§g§§§ii§§§iii§ 


§ss§^ii§^sssss^3s§s§§§i§§§§§g^^§ 


CO  CO  Co  Co  Co  Cv  Co  CO  Co  Co  CO  CO  CO  CO  Co  i 


iliiiii?22iiii8 

9cocococoeocococococococococo 


8S 


II 

is 


d 


§§i§§§§l§gggggggg§§§§g§3§§SSS§ 


CTW^^^roecww^coweocowcocococococococococococococococo 


is 


SSSSSS%>o95SS>oS^%SSSS»Q'Si8>8>8iC>oictSioicu5 


igigiiisiiSii§§§§a§g^§§§s§§§§§§ 


M  •C  WWWTOWWWCOWWWMWWWCOCOCOCOCOW^^^^COWWCOCO 

o 


ll 


88S8SSSSBSBSSSSSB:$:$^8^^^S£33^;S^i^^££i 


I 


a5s» 


I 


s§§ii§§i§SiSiiiSiSSSs§sSs§s^sS 


gSisssiiismsiiiiSiiiMifisiiii 


I  SI 


31 

o  > 


^««^«9«.*««osa«sj22j:«28?3aaS^8S5?5?5^« 


Digitized  by  VjOOQIC 


40  WATEB  PBOBLEMS   OF   SANTA    BARBARA,  OAL.  [KalU. 

TOTAL  NEAR-BY  SUPPLY. 

Reviewing  these  measurements  we  have  a  probable  siunmer 
minimum  water  supply  available  for  the  city  from  local  sources 
approximately  as  follows: 

Local  water  supply  of  Santa  Barbara. 

Gals,  per  day. 

Minimum  from  Mission  Creek 100, 000 

Minimum  from  De  la  Guerra  wells 300, 000 

Minimum  from  city  tunnel 300, 000 

Total 700,000 

as  against  an  estimated  normal  summer  demand  of  1,200,000**  gal- 
lons per  day,  or  an  estimated  normal  deficit  daily  of  500,000  gallons. 
There  is  not  as  much  water  now  being  used  in  the  city  for  beauti- 
fying lawns  and  gardens  as  would  be  so  applied  if  a  more  abundant 
supply  were  available.  From  the  above  it  is  evident  that  the  city 
should  take  immediate  steps  toward  increasing  its  water  supply. 

DISTANT  8UPPL.IE8. 

EXTENSION  OF  CITY  TUNNEL. 

With  a  view  to  the  extension  of  the  present  city  tunnel  through 
the  Santa  Ynez  Range  to  tap  the  waters  of  Santa  Ynez  River,  a 
system  of  triangulation  was  carried  across  the  mountains  from  Santa 
Barbara  to  the  Mono  reservoir  site  by  Homer  Hamlin  and  W.  B. 
Clapp,  of  the  Geological  Survey.  The  base  line  of  this  system  was 
measured  on  State  street,  Santa. Barbara,  between  Boulevard  and 
Pedregosa  streets,  and  the  most  northerly  point  was  the  high  peaks 
south  of  the  Mono  reservoir  site.  The  base  line,  which  was  care- 
fully measured  with  a  300-foot  steel  tape  undey  a  uniform  tension 
of  25  pounds  and  corrected  for  temperature,  was  9,753.7  feet  long. 
The  angles  were  measured  with  a  Berger  transit  No.  lb,  circles  6J 
inches  in  diameter.  Eleven  principal  triangulation  stations  and 
5  secondary  stations  were  occupied,  the  secondary  triangulation 
being  necessary  to  reach  the  south  portal  of  the  present  city  tim- 
nel,  which  is  situated  in  a  deep  canyon.  Angles  were  repeated  three 
times  and  measured  in  six  sets  of  two  each.  The  triangles  closed 
for  angles  within  0°  0'  0"  to  0°  0'  10".  The  angle  adjustments  were 
made  by  distributing  the  difference  proportionally  as  probable 
error  due  to  weather  conditions.  The  traverse  of  the  outside  bound- 
ary of  the  triangulation  system  closed  as  follows:  N.,  45,343.66;  S., 
45,343.63;  E.,  28,397.22;  W.,  28,397.15. 


a  On  basis  of  150  gallons  per  day  for  8,000  persons. 
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The  north  portal  of  the  extended  tunnel,  as  projected,  was  fixed 
by  a  station  on  the  cliff  on  the  south  side  of  Santa  Ynez  River. 
The  north  portal  bears  N.  26''  38'  18"  E.,  and  is  18,842.06  feet  distant 
from  the  south  portal  of  the  present  city  tunnel.  This  tunnel  was 
4,895  feet  long  on  January  26,  and  if  an  angle  is  made  in  it  at  5,960 
feet  it  will  be  necessary  to  drive  15,006  feet  to  reach  Santa  Ynez 
River  and  finish  the  work.  By  doing  so  a  saving  of  1,475  feet  will 
be  made;  otherwise  the  tunnel  must  have  a  length  of  21,376  feet 
to  get  through  the  range.  It  is  probable,  however,  that  a  still  more 
favorable  location  may  be  found. 

From  the  surveys  that  have  been  made  during  the  last  season 
in  the  drainage  basin  of  Santa  Ynez  River,  the  elevation  of  the  south 
portal  of  the  city  tunnel  in  Cold  Spring  Canyon  was  taken  at  1,393.06 
feet;  the  rise  on  grade  from  the  portal  to  station  48,  at  the  projected 
north  portal,  is  49.02  feet.  The  total  length  of  excavation  necessary 
to  complete  this  tunnel  through  the  range  is  15,066  feet.  At  a 
grade  of  0.1  per  cent  this  will  require  15  feet  more  to  be  consumed 
in  tunnel  grade,  making  the  elevation  of  the  north  portal  of  the 
tunnel  1,457.18  feet.  The  elevation  of  Santa  Ynez  River  bed  op- 
posite is  1,425  feet.  The  necessary  grade  to  be  consumed  from  the 
north  portal  of  the  tunnel  to  the  Mono  reservoir  site  would  be  about 
4  feet,  making  the  elevation  of  the  grade  at  the  Mono  reservoir  site 
1,461.18  feet.  The  elevation  of  the  bed  of  the  creek  at  the  Mono 
site  is  1,440  feet,  so  that  the  conduit  grade  would  be  21.18  feet  above 
the  bed  of  the  creek  at  that  point,  but  the  capacity  of  the  lower  por- 
tion of  a  reservoir  site  is  always  very  small,  and  there  would  be  a 
loss  of  but  1  per  cent  in  the  capacity  of  a  lOO-foot  dam  at  the  Mono 
with  the  elevations  given. 

CONSTRUCTION  OF  NEW  TUNNEL. 

In  the  old  city  tunnel  in  Cold  Spring  Canyon  several  angles  occur 
in  the  alignment.  The  grade  of  the  tunnel  is  also  not  satisfactory, 
in  that  it  is  too  high  to  reach  the  bed  of  the  stream  at  the  mouth 
of  the  Mono  at  the  elevation  of  the  creek.  While  the  old  city  tunnel 
could  be  used  in  this  regard,  it  is  not  considered  the  best  site  for  a 
tunnel,  in  view  of  subsequent  surveys  and  investigations.  More- 
over, the  old  tunnel  is  deUvering  a  very  substantial  water  supply 
under  existing  conditions,  particularly  since  being  regulated  by  the 
bulkhead  described  above,  and  as  a  new  tunnel  can  be  obtained  at  a 
satisfactory  elevation,  which  will  develop  a  new  water  supply  and 
in  addition  command  certain  reservoir  sites  on  lower  portions  of 
the  stream  below  the  mouth  of  the  Mono,  it  is  desirable  to  adopt 
the  second  location.  After  the  first  investigations  made  in  the 
basin  of  Santa  Ynez  River,  which  included  the  survey  of  the  Mono 
reservoir  site,  the  Main  River  reservoir  site,  and  an  inspection  of 
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sites  higher  on  the  stream,  a  much  better  site  situated  on  the  main 
stream  below  the  mouth  of  the  Mono  was  found.  This  is  called 
the  Gibraltar  reservoir  site  and  is  described  more  fully  below. 

The  capacity  of  the  Gibraltar  reservoir  so  not  quite  so  great  as 
that  of  the  Mono,  but  is  very  satisfactory,  while  the  dam  site  is  very 
much  better,  and  the  tributary  drainage  area  a  great  deal  larger, 
including  not  only  that  of  the  Mono,  but  also  that  of  the  Santa  Ynez 
above  the  Mono,  and  17  square  miles  of  Main  Canyon  below.  For 
the  season  of  1902-3  the  measured  flow  at  the  Mono  dam  site  was 
8,934  acre-feet,  at  the  Santa  Ynez  above  the  Mono  9,898  acre-feet, 
and  for  the  Santa  Ynez  at  the  Gibraltar  reservoir  site  21,202  acre- 
feet.  As  the  water  supply  is  the  most  essential  feature  of  the 
entire  enterprise,  no  hesitation  is  felt  in  recommending  that  the 
tunnel  line  which  is  to  be  run  through  the  range  should  be  made 
to  command  the  Gibraltar  reservoir  site.  This  would  be  impossible 
with  the  old  city  tunnel,  on  account  of  its  high  elevation  in  Cold 
Spring  Canyon.  Moreover,  the  combined  cost  of  the  Gibraltar 
dam  and  of  a  tunnel  to  it  from  Mission  Canyon  is  less  than  the  com- 
bined cost  for  completing  the  old  city  tunnel  and  building  the  Mono 
dam. 

For  the  reasons  given  above,  the  triangulation  which  had  been 
made  for  the  old  city  tunnel  was  extended  so  as  to  cover  the  site  of 
.a  possible  new  tunnel  line  from  Mission  Canyon  to  the  Gibraltar 
dam  site,  which  would  be  19,560  feet  long  and  would  run  through  the 
same  general  formation  at  right  angles  to  the  Une  of  the  strike  of  the 
rock,  passing  under  portions  of  Mission  Creek. 

AGREEMENT  WITH  WATER  COMPANY. 

An  agreement  was  made  with  the  Santa  Barbara  Water  Company 
for  rights  of  way  for  this  new  tunnel  line.  This  company  has  for 
years  been  acquiring  lands  along  Mission  Canyon  in  order  to  protect 
its  water  supply,  which  comes  mostly  therefrom.  The  company  nat- 
urally felt  that  the  running  of  the  tunnel  beneath  Mission  Creek  might 
affect  its  supply  of  water  from  the  creek  and  insisted  on  being 
secured  against  such  a  contingency.  In  consequence  the  Santa  Bar- 
bara water  commissioners  entered  into  a  contract  with  the  company, 
by  which  the  city  agrees  to  maintain  the  supply  of  the  company  at  14 
inches  from  July  1  to  December  31  and  at  22  inches  from  January  1 
to  June  30,  supplying  the  water  from  the  tunnel  in  case  it  is  not 
flowing  naturally  in  the  creek,  provided  that  amount  can  be  supplied 
from  the  timnel  alone  and  irrespective  of  water  subsequently  obtained 
from  storage  reservoirs.  In  return  the  Santa  Barbara  Water  Com- 
pany gives  the  city  rights  of  way  over  all  its  lands  for  wagon 
roads,  tunnels,  pipe  lines,  etc.,  and  agrees  not  to  run  any  tunnels  on 
its  lands  in  the  vicinity  of  the  city  tunnel.     This  contract  is  fully 

Digitized  by  V^OOQ iC 


uppiKOOTT.]  CONSTBUOnON   OF   NEW   TUNNEL.  43 

justified  by  the  physical  conditions  encountered  in  the  water  devel- 
opment. Moreover,  the  water  delivered  to  the  water  company  will 
be  nsed  in  any  event  in  the  immediate  vicinity  of  Santa  Barbara  or 
for  the  beautifying  and  improvement  of  the  town. 

A  section  of  the  proposed  new  tunnel  is  shown  in  figs.  16  and  17 
(pp.  91,  92),  the  timbered  section  being  used  only  .where  necessary 
and  the  rock  section  being  the  prevailing  type  for  the  tunnel. 

CONTRACT   FOR    CONSTRUCTION. 

The  work  of  driving  the  tunnel  was  divided  into  two  parts,  a 
southern  portion  of  the  tunnel  to  be  1 1 ,000  feet  long  and  constructed 
from  the  south  portal,  and  a  northern  portion  to  be  8,560  feet  long 
and  constructed  from  the  north  portal.  Bids  were  called  for  and 
received,  and  the  contracts  awarded  to  F.  J.  Smith  and  E.  J.  Hunt,  of 
Santa  Barbara,  for  the  south  part,  and  to  Robert  Beyrle,  of  I^s 
Angeles,  for  the  north  part.     The  prices  were  as  follows: 

Successful  bids  for  new  Santa  Barbara  tunnel. 

North 
dlvlAion. 

Per  cubic  yard  of  excavation 

Overhaul  per  cubic  yard  per  100  feet  (free  haul  l)eing  500  feet). 
Timbers  in  place  (per  M  feet,  B.  M. ) 


The  total  cost  of  the  southern  portion  of  the  tunnel  under  the  con- 
tract will  be  $109,125,  and  for  the  northern  portion  $90,267,  a  total 
of  $199,392  for  the  entire  tunnel.  The  estimate  of  the  author,  as  con- 
sulting engineer  for  the  work,  .was  19,560  feet  of  tunnel  at  $10  a  foot, 
$195,600,  plus  10  per  cent  for  contingencies,  or  a  total  of  $215,160. 
An  additional  allowance  was  made  of  5  per  cent  for  engineering 
expenses. 

The  yardage  excavated  in  the  tunnel  is  to  be  limited  by  the  quan- 
tity shown  on  the  section.  After  the  completion  of  the  work  the  con- 
tractor is  required  to  leave  his  track  in  the  tunnel  for  the  purpose 
of  hauling  cement  through  it  for  the  construction  of  the  dam  on 
Santa  Ynez  River,  thus  avoiding  a  wagon  haul  over  the  high  moun- 
tains.    The  contracts  were  let  in  February,  1904. 

VENTURA    RIVER. 

From  an  examination  of  the  topographic  maps  of  the  Geological 
Survey,  which  have  been  recently  prepared  and  which  are  of  inesti- 
mable value  in  a  general  consideration  of  this  subject,  it  was  found 
that  it  would  be  possible  by  a  gravity  line  to  divert  the  headwaters 
of  Ventura  River  from  a  point  near  the  junction  of  the  main  and 
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north  forks  of  Matilija  Creek  by  gravity  through  Casitas  Pass  to 
Santa  Barbara.  A  reconnaissance  was  made  of  this  country,  and  a 
number  of  water  measurements  were  made  throughout  the  length  of 
Ventura  River.  A  month  of  minimum  flow  was  selected  as  the  proper 
time  at  which  to  make  these  determinations,  as  the  minimum  is  the 
controlling  condition  in  all  questions  involving  water  supply.  There 
was  a  rainfall  at  Santa  Barbara  for  the  seasons  of  1901-1902  of  14.06 
inches.  The  stream  flow  during  this  season,  however,  was  below 
normal. 

Tablb  9. — Flow  measurements  on  Ventura  River  and  tribuUuries. 


1902. 

Sept.    25 
25 


25 
25 
25 
25 


26 
26 

26 


I^KKtality. 


At  Matilija,  above  North  Fork  . 
North  Fork  at  mouth , 


Total,  all  diverted. 


Inches. 

99 
21 

120 


River  bed  dry  from  Matilija  School  to  near  Coyote  Creek. 

Below  Coyote  Creek  and  below  Domestic  diversion 

Head  Domestic  system's  lower  diCch 

Head  Domestic  system's  upper  ditch 


14 

185 

62 


Total  Ventura  River  below  and  near  Coyote  Creek . 

Head  of  power  ditch,  below  Domestic  diversions 

River  bed  above  and  near  power  house 

Total 

Domestic  ditch  above  and  near  re^rvoir 


261 


75 

8 


83 


222 


WATER   AVAILABLE. 

It  will  be  noted  that  all  of  the  water  of  Matilija  Creek  at  the 
point  from  which  a  gravity  line  could  be  started  to  Santa  Barbara 
is  diverted  and  now  in  use,  and  consequently  there  was  on  that  date 
no  supply  available  for  Santa  Barbara  at  this  point.  In  addition 
to  this,  the  intervening  topography  is  rugged  and  the  distance  would 
be  very  great,  rendering  it  impracticable  from  a  commercial  stand- 
point to  obtain  a  supply  from  this  source. 

It  will  also  be  noted  that  there  were  75  inches  of  water  diverted 
into  the  power  ditch  of  the  Ventura  waterworks,  which  runs  from 
a  point  approximately  4  miles  north  of  Ventura  to  a  point  approxi- 
mately IJ  miles  north  of  this  city,  and  that  there  were  8  inches  of 
water  above  the  point  where  this  power  ditch  would  discharge  into 
the  river,  making  a  total  of  83  inches  in  the  lower  portion  of  the 
river  that  was  not  diverted  for  domestic  uses.  During  the  daytime, 
at  the  time  of  the  inspection-,  all  this  75  inches  of  water  was  being 
used  for  irrigation,  leaving  but  8  inches  of  water  in  Ventura  Rivei 
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available  for  surface  diversion.  Information,  however,  was  given 
that  a  portion  of  the  water  diverted  through  the  domestic  conduits 
during  the  daytime  is  accumulated  in  a  certain  domestic  reservoir, 
and  that  at  nighttime,  from  11  p.  m.  until  6  a.  m.,  a  dischai^e  of 
280  miner's  inches  from  this  reservoir  ordinarily  takes  place  through 
the  power  house  for  the  purpose  of  developing  power  and  is  wasted 
into  the  river.  This  is  equivalent  to  a  continuous  flow  of  82  miner's 
inches.  This  water  wasted  into  the  sea,  taken  in  connection  with 
the  8  inches  flowing  in  the  stream  bed  above  the  power  house,  makes 
a  total  of  90  miner's  inches  of  water,  which  at  this  time,  admitted 
to  be  one  of  drought,  might  be  considered  as  wasted  water  and  avail- 
able for  sale  or  disposal  by  the  Ventura  Water,  Light,  and  Power 
Company.  In  addition  to  this,  it  is  stated  that  the  75  inches  of 
water  diverted  through  the  power  ditch  is  not  permanently  sold  for 
irrigation  purposes,  but  is  used  by  irrigators  by  sufferance  on  the 
part  of  the  water  company,  and  that  the  Ventura  Water,  Light,  and 
Power  Company  could  sell  it  to  the  city  of  Santa  Barbara  if  it  so 
desired.  There  thus  might  be  made  available  from  the  lower  por- 
tion of  Ventura  River  a  low- water  supply  of  165  miner's  inches 
(2,145,000  gallons  per  day),  provided  all  the  above  assumptions  are 
correct. 

The  statement  was  made  that  there  is  practically  a  continuous 
use  of  the  30  inches  of  water  from  the  power  ditch  during  the  day- 
time for  irrigation,  which  might  reduce  these  figures  to  135  miner's 
inches  (1,750,000  gallons  daily).  This  is  an  unusually  large  amount 
of  water  to  be  available  for  disposal  along  this  coast,  and  it  was 
considered  to  be  sufficient  to  justify  a  further  investigation  to  deter- 
mine the  cost  of  its  delivery  to  Santa  Barbara. 

The  elevation  at  which  this  water  could  be  obtained  is  prac- 
tically 50  feet  above  sea  level,  and  it  would,  therefore,  have  to  be 
pumped  to  Santa  Barbara  through  a  long  force  main,  laid  possibly 
on  the  railroad  right  of  way,  for  an  aggregate  distance  of  26.2  miles. 
There  is  quite  favorable  opportunity  of  obtaining  cheap  fuel  along 
this  line,  and  a  pumping  station  might  be  erected  at  the  intake  and 
a  sufficient  head  generated  to  force  the  water  through  the  pipe  Hne, 
delivering  it  to  the  city  of  Santa  Barbara  at  the  foot  of  State  street 
without  pressure,  in  order  to  avoid  the  expense  of  a  long  pipe  line 
designed  to  withstand  high  heads.  At  this  point  it  would  be  picked 
up  by  a  second  pumping  plant  and  forced  to  the  high  levels  of  the 
city.  No  legal  examination  of  title  was  made  as  to  the  ownership 
of  this  water. 

•    COST   OF   PIPING   AND   PUMPING. 

It  may  be  assumed,  therefore,  for  the  sake  of  estimating,  that 
there  is  available  from  the  lower  Ventura  River  a  supply  of  water 
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sufficient  to  furnish  1,500,000  gallons  daily,  adequate  for  10,000 
people  using  150  gallons  per  capita  each  day.  This  is  equal  to  2.32 
cubic  feet  per  second,  or  116  miner's  inches  of  water.  This  water 
would  have  to  be  purchased  from  the  Ventiu^  Water,  Light,  and 
Power  Company,  from  which  no  figure  has  as  yet  been  obtained  as 
to  the  price  for  which  it  would  be  sold.  It  is  beheved  that  the 
parties  owning  this  water  would  be  willing  to  contract  for  its  delivery. 
If  $300  per  miner's  inch  were  paid  for  this  water,  it  would  cost  the 
city  of  Santa  Barbara  $34,800  at  Ventura.  An  18-inch  continuous 
wooden  stave  pipe  laid  from  the  Ventura  River  to  the  foot  of  State 
street  would  be  138,300  feet  in  length,  or  26.2  miles.  The  friction 
head  to  be  overcome  by  water  passing  through  this  length  of  pipe, 
when  carrying  1,500,000  gallons  daily,  would  be  48.4  feet.  It  is 
believed  that  the  average  friction  and  hydraulic  head  on  the  pipe 
would  be  50  feet.  The  pipe  would  be  laid  either  on  country  roads 
or  possibly  along  the  railroad  right  of  way.  At  certain  projecting 
and  precipitous  cUfFs  the  pipe  would  have  to  be  run  through  tun- 
nels. The  conduit  would  be  what  is  technically  known  as  a  con- 
tinuous wooden  stave' pipe  with  steel  bands,  a  form  of  construction 
which  IS  satisfactory.  It  would  be  of  a  more  permanent  character 
than  riveted  pipe,  but  not  of  so  enduring  a  nature  as  cast-iron  pipe. 
Cast-iron  pipe,  however,  because  of  its  present  high  cost  ($45  a 
ton  deUvered  at  Pacific  coast  terminals),  would  be  entirely  out  of 
the  question.  The  water  would  be  delivered  without  pressure  at 
the  foot  of  State  street,  in  order  to  avoid  excessive  cost  due  to  nec- 
essarily stronger  pipe  required  in  case  a  high  head  was  put  on  it  to 
directly  connect  with  the  mains  of  the  city  for  local  distribution. 
From  this  point  it  would  have  to  be  lifted  to  domestic  reservoirs. 
The  following  table  is  an  estimate  on  the  cost  of  laying  such  a  pipe 
line: 

Table  10.  -Estimated  cost  of  Santa  Barbara-Ventura  pipe  line. 


Section. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

U 

Totol.. 


length. 

Lin.  ft. 
7,920 
6,864 
2,640 
1,584 
1,320 

27,984 
6,072 
7,392 
5,280 
9,500 

61,776 


138,332 


Class  of 
excavation. 


Trench . 
....do.. 
....do.. 
....do.. 
Tunnel. 
Trench. 
Tunnel. 
Trench. 
Tunnel. 
Trench . 
....do.. 


Coat. 


Lin.  ft. 
10. 16274 

.191 

. 15274 

.09546 
5.00 

.09546 
5.00 

.09546 
5.00 

.17183 

.09546 


Cost  of 
excava- 
tion. 


$1,200.70 

1,311.02 

403.23 

151.21 

6,600.00 

2,671  35 

30,360.00 

705.64 

26,400.00 

1,632.38 

5,897.14 


Cost  of 
backflU. 


1302.42 
327.75 
100.81 
37.80 


667.84 


176.41 


408.10 
1,474.28 


77,341.67     3,495.41 


Total 

cost  of 

trenching. 


Cost  of 
pipe. 


Total  cost. 


$1,512.12 

1,638.77 

504.04 

180.01 

6,600.00 

3,339.19 

30,360.00 

882.05 

26,400.00 

2,040.48 

7,3n.42 


$9,504.00 
8,236.80 
3,168.00 
1,900.80 
1,584.00 

33,580.80 
7,286.40 
8,870.40 
6,336.00 

11,400.00 

74,131.20 


$11,016.12 

9,875.57 

3,672.04 

2,089.81 

8,184.00 

36,019.99 

37,646.40 

9,752.45 

32,736.00 

13,440.48 

81,502.62 


80,837.08  I  165,096.40       246,835.48 
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A  portion  of  the  line  would  be  in  ground  that  is  quite  alkaline. 
The  wooden  part  of  the  pipe  would  not  be  attacked  by  the  alkali,  but 
the  iron  rods  would  be.  If  we  assume  a  length  of  life  for  the  pipe  of 
twenty  years,  and  that  a  sinking  fund  at  4  per  cent  interest  would 
necessarily  have  to  be  provided  to  renew  it  at  the  end  of  that  time, 
$8,287.54  would  have  to  be  set  aside  annually  to  meet  the  charge. 
At  4  per  cent  interest  this  would  capitalize  at  $207,188,  which  should 
properly  be  added  to  the  first  cost  of  the  pipe,  giving  $454,023  as  the 
real  cost  of  the  pipe  line  to  the  city.  This  computation  is  given  in 
order  to  compare  the  real  cost  of  this  pipe  line  with  other  permanent 
construction  mentioned  later. 

It  would  be  necessary  to  install  two  pumping  plants,  one  at  Ventura 
to  force  this  water  through  the  pipe  line  against  the  friction  head,  and 
the  other  to  Uft  the  water  from  the  foot  of  State  street  to  an  assumed 
level  of  300  feet  to  a  domestic  reservoir.  The  cost  of  the  first  plant 
would  be  $9,649,  and  of  the  second  plant  $13,970,  or  a  total  of  $23,619. 
If  a  life  of  twenty  years  is  assumed  for  pumping  plants  also,  and  pro- 
vision is  made  for  their  renewal  by  a  sinking  fund  as  before,  bearing 
4  per  cent  interest,  there  would  have  to  be  set  aside  each  year  for 
this  purpose  $792.49,  which  is  interest  at  4  per  cent  on  $19,802, 
making  a  total  cost  to  the  city  of  pumping  plants  of  $43,421. 

These  pumping  plants  would  be  improved  and  modem  triple- 
expansion  condensing  steam  plants.  The  first  plant  would  consume 
5.5  barrels  of  crude  oil  daily,  and  the  second  14.5  barrels  of  oil  daily, 
or  a  total  of  20  barrels  of  oil  daily  to  deliver  IJ  million  gallons  daily. 
This  oil  at  $1  a  barrel,  which  would  be  a  fair  price  for  a  long  period  of 
use,  would  represent  a  daily  charge  of  $20,  and  an  annual  charge  of 
$7,300.  Attendance  of  engineers  and  assistants  would  probably 
amount  to  $5,000  annually;  so  the  oil  and  attendance  together  would 
be  $12,300,  which,  capitaUzed  at  4  per  cent,  represents  $307,500. 

To  summarize  we  now  have: 


Summary  of  cost  of  SarUa  Barhara-VeTdura  pipe  line. 


1,500,000  gaUons  of  water  daily. 

Pipe  line 

Two  pumping  plants 

Fuel  and  attendance 


Total. 


First  cost 
and  main- 
tenance. 


$34,800 

464,023 

43,421 

307,500 

839,744 


This  figure  of  first  cost  and  maintenance  would  represent  the  real 
expense  to  the  city  of  building  and  maintaining  such  a  plant  perpetually, 
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and  on  this  basis  can  be  properly  compared  with  permanent  con- 
struction, such  as  masonry. 

This  plant  would  practically  be  incapable  of  being  increased  in 
capacity  without  rebuilding  the  entire  system,  and  no  estimates  have 
been  included  for  rights  of  way. 

SANTA  YNEZ  RIVER. 

The  county  of  Santa  Barbara,  by  petition  of  its  board  of  supervisors, 
and  the  city,  through  its  trustees,  requested  the  United  States  Geolog- 
ical Survey  to  make  topographic  surveys  and  hydrographic  investi- 
gations in  Santa  Barbara  County  to  assist  in  the  solution  of  the  diffi- 
cult water  problems  wliich  confront  this  beautiful  coast  district,  often 
called  the  American  Riviera.  As  it  is  the  policy  of  the  Geological 
Survey  to  carry  on  its  work  where  the  results  will  be  of  greatest  value, 
it  acceded  to  this  request  and  has  extended  its  topographic  surveys 
over  the  greater  portion  of  the  county.  PL  I  is  made  up  from  the 
results  of  these  surveys.  Hydraulic  investigations  have  also  been 
begun,  three  reservoirs  surveyed,  several  tunnel  lines  triangulated, 
and  three  gaging  stations  established.  It  is  intended  to  extend  these 
investigations  during  the  coming  season  so  as  to  cover  the  entire 
drainage  basin  of  Santa  Ynez  River.  To  a  limited  extent  the  city 
of  Santa  Barbara  has  cooperated  financially  in  the  hydraulic  work. 

Santa  Ynez  River  rises  in  the  mountains  of  Santa  Barbara  and 
Ventura  counties,  and  flows  westerly  with  a  flat  grade  to  the  Pacific 
Ocean,  having  a  length  of  approximately  75  miles.  The  Santa  Ynez 
Range  of  mountains,  varying  in  elevation  from  3,000  to  4,000  feet, 
forms  the  southern  boundary  of  this  drainage  basin.  The  northern 
divide  ranges  from  4,500  to  5,500  feet,  culminating  in  Mount  Pinos, 
the  elevation  of  which  is  8,826  feet.  The  mean  elevation  of  the  basin 
above  the  mouth  of  Mono  Creek  is  3,500  feet  above  sea  level. 

RAINFALL. 

The  mean  rainfall  at  Santa  Barbara  is  16.78  inches;  at  NordhoflF,  in 
Ventura  County ,  at  an  elevation  of  1,200  feet,  it  is  about  18  inches;  at 
Mutau  Flat,  on  the  l^ead waters  of  Piru  Creek,  and  on  the  eastern 
slope  of  the  range,  at  an  elevation  of  4,850  feet,  it  is  19  inches;  at  Sned- 
den's  ranch,  on  the  north  fork  of  the  headwaters  of  the  Piru,  on  the 
eastern  slope  of  the  mountains,  at  an  elevation  of  4,900  feet,  it  is  15 
inches;  at  Cuddy's  ranch,  at  an  elevation  of  5,000  feet,  in  Kern  County, 
near  the  head  of  Tejon  Creek,  it  is  20  inches,  and  at  Old  Fort  Tejon,  at 
an  elevation  of  3,245  feet,  it  is  18  inches.  These  records,  except  those 
ot  Santa  Barbara,  which  were  begun  in  1867,  are  of  rather  short  dura- 
tion and  fragmentary.  The  mean  rainfall  given  for  each  mountain 
station  is  determined  by  finding  the  ratio  of  precipitation  at  Santa 
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Barbara  for  the  years  during  which  rainfall  was  observed  at  the  high 
point  in  question,  and  the  mean  of  the  37-year  record  at  Santa  Barbara, 
and  applying  that  ratio  to  the  observed  rainfall  at  the  mountain  sta- 
tion. There  are  no  known  observations  of  rainfall  in  the  upper 
portion  of  the  Santa  Ynez. 

It  is  well  known  by  the  people  Uving  along  the  Pacific  coast  that 
the  rainfall  increases  as  the  slope  of  the  mountain  ranges  exposed 
to  the  sea  breezes  is  ascended.  Usually  this  increase  amounts  to 
six-tenths  of  an  inch  of  rain  for  each  100  feet  rise  in  elevation,  which 
increase  is  to  be  added  to  the  observed  precipitation  at  the  base  of 
the  range.  On  the  eastern  slope  of  the  mountain  ranges,  on  the 
side  away  from  the  ocean,  this  estimate  does  not  at  all  hold,  there 
being  an  actual  diminution  of  rainfall  after  passing  a  crest.  Con- 
sequently it  is  to  be  expected  that  such  stations  as  Mutau  Flat 
and  Snedden's  ranch,  situated  easterly  from  the  main  crest  of  the 
Coast  Range,  will  have  less  precipitation  than  occurs  on  the  exposed 
westerly  side  of  the  range.  The  Santa  Ynez  Range  undoubtedly 
abstracts  a  portion  of  the  moisture  of  the  clouds  that  are  passing 
inland  over  the  drainage  basin  of  Santa  Ynez  River,  but  the  precipi- 
tation must  again  increase  on  the  westerly  sides  of  the  high  Coast 
Range  on  the  northerly  and  easterly  portions  of  the  drainage  basin, 
where  the  mountains  rise  from  2,000  to  3,000  feet  higher  than  the 
summits  of  the  Santa  Ynez  Mountains. 

Mr.  Purslow  says  that  the  rainfall  in  the  basin  of  the  Santa  Ynez 
above  the  reservoir  sites  which  he  examined  is  30  inches,  and  Mr. 
Wright  states  that  in  his  judgment  it  is  over  20  inches.  Mr.  Marsden 
Manson,  civil  engineer  of  the  California  Water  and  Forest  Associa- 
tion, prepared  a  rainfall  map,  showing  precipitation  throughout  the 
State,  on  which  he  estimates  the  rainfall  in  this  district  as  between 
20  and  30  inches.  Mr.  WilUam  Hammond  Hall,  when  State  engineer  of 
Cahfornia,  also  prepared  a  rainfall  map,  showing  the  precipitation  for 
this  district  to  be  between  20  and  30  inches.  Lieutenant  Glassford, 
of  the  United  States  Signal  Service,  in  1891  officially  estimated  the 
rainfall  on  the  headwaters  of  the  Santa  Ynez  at  from  20  to  25  inches. 

After  a  careful. examination  of  the  drainage  basin,  of  the  vegeta- 
tion covering  it,  of  available  rainfall  records,  and  from  a  general 
knowledge  of  the  precipitation  throughout  this  portion  of  the  State, 
the  writer  believes  that  the  average  rainfall  in  this  basin  is  about 
22  inches.  However,  in  order  to  be  within  safe  limits  in  making 
the  estimates  of  available  water  supply,  the  same  rainfall  is  used  for 
computing  the  run-off  of  the  Santa  Ynez  basin  as  has  been  observed 
at  Santa  Barbara. 
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RUN-OFF. 

The  question  of  determining  the  relation  of  what  is  called  run-oflF 
(or  the  amount  of  water  the  streams  discharge)  to  rainfall  is  one  of 
considerable  difficulty  and  uncertainty.  It  is  dependent  upon  the 
character  of  the  rains,  whether  gentle  showers  or  violent  storms 
(the  latter  yielding  the  greater  run-off),  and  also  Upon  the  steepness 
of  the  slopes  and  the  size  of  the  watershed.  Other  things  being 
equal,  the  small  watershed  has  the  higher  percentage  of  run-off.  A 
one  or  two  years'  record  does  not  establish  a  final  ratio. 

The  forest  cover  of  the  drainage  basin  also  greatly  affects  the 
run-off.  If  it  is  a  denuded  area  the  floods  are  more  violent  and 
shorter  in  duration  and  the  sunmier  stream  is  much  lower.  If  the 
drainage  basin  has  a  proper  forest  or  brush  cover  the  stream  is  more 
uniform  in  flow  and  carries  less  silt.  The  general  porosity  of  the 
soil  and  rock  also  affects  the  character  of  the  run-off. 

A  number  of  efforts  have  been  made  to  establish  this  ratio  of 
rainfall  to  run-off.  The  diagram  presented  herewith  as  fig.  1  (p.  15) 
shows  by  curved  lines  on  a  horizontal  scale  the  amount  of  rainfall 
in  inches  of  depth,  and  on  the  vertical  scale  the  total  corresponding 
volume  of  water  discharged  in  acre-feet,  an  acre-foot  of  water  being 
the  amount  that  will  cover  1  acre  1  foot  deep,  or  43,560  cubic  feet. 
The  curve  which  is  used  in  this  report  is  one  that  has  been  deter- 
mined as  the  result  of  a  large  number  of  measurements  in  California 
made  by  the  United  States  Geological  Survey.  It  will  be  noted 
that  it  indicates  less  run-off  than  the  others. 

The  Salt  Springs  Valley  reservoir  is  in  Calaveras  County,  Cal.,  in 
the  foothills.  The  Newell  curve  for  '^mountainous  areas''  is  a  gen- 
eral determination,  by  Mr.  F.  H.  Newell,  hydrographer  of  the  Geo- 
logical Survey,  for  the  high  mountain  areas  of  the  western  portions 
of  the  United  States.  The  Arrowhead  reservoir  is  in  San  Bernar- 
dino County,  Cal.  The  Newell  curve  for  *' undulating  areas'*  is  the 
relation  determined  by  Mr.  Newell  for  hill  countries.  The  general 
curve  for  large  watersheds  for  CaUfornia  is  the  one  used  in  this  report 
as  the  result  of  CaUfornia  observations  made  largely  during  the 
drought  period  through  which  we  have  passed.  It  will  be  noted 
that  there  is  no  run-off  indicated  until  after  the  rainfall  exceeds 
10  inches.  All  of  these  curves  are  much  more  unfavorable  to  large 
run-off  than  has  customarily  been  accepted  for  eastern  streams. 
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Table  11. — Record  o]  precipUation  at  Santa  Barbara^  Cal. 

[Latitude,  34°  25';  longitude,  119°  40'.    Elevation,  100  feet.    Authority,  War  Department  and  Weather 

Bureau.] 


Year. 


1867-68... 
1868-«0... 
1860-70... 
1870-71... 
1871-72... 
1872-73... 
1873-74... 
1874-75... 
1875-76... 
1876-77. . . 
1877-78. . . 
1878-79... 
1879-80... 
1880-81... 
1881^82... 
1882-83... 
1883-»l... 
1884-85... 
1885-86... 
1886-87... 
1887-88. . . 


Sept. 


0.00 
.00 
.00 
.00 
.00 
.05 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.44 
.00 


Oct. 

0.00 
.00 
.30 

1.04 
.09 
.00 
.00 

1.91 
.00 
.32 
.00 
.32 
.41 
.25 

1.47 
.37 


Nov.     Dec. 


,  !  • 


'I 


.00  j  1.32 

.00 

.00 


.00 
.38  I 
.03 


.02! 
.19 
.39 
.31  , 
.07  , 


1880-90... 
1800-91... 
1801-92... 
1802-93. . . 
1893-94... 
1894-95... 
1805-96... 
1806-97... 
1897-98... 
1808-99... 
1899-1900. 
1900-1901. 

1901-2 

1902-3 

1903-4 


.00  :  8.65 
1.60  '     .00 

.18  !     .00  I 

.00 

.00 
1.36  I 

.00 

.00 


.42  ' 

.62. 

.78  I 

.55 

.92  I 

.00     1.44 

.14  I 


3.17  ' 

.00  2.06  ' 

.0-1  .15  , 

.36  2.42  1 


.00 
T. 


1.48  ' 
T. 


2.31 

1.25 

.65 

.27 

1.83 

.00 

.27 

1.30 

6.53 

.00 

1.32 

.00 

1.62 

.28 

.33 

.77 

.00 

.79 

9.84 

.87 

1.10 

5.62 

3.21 

.48 

.00 

3.70 

T. 

.11 

.77 

3.51 

.00 

.00 

1.97 

3.99 

1.16 

4.01 

.05 


12.67 

4.26 

.57 

1.41 

6.56 

4.34 

5.26 

.00 

.31 

.00 

3.12 

5.16 

4.57 

9.73 

.05 

.10 

2.76 

6.62 

2.47 

.86 

4.43 

5.59 

10.64 

3.53 

2.26 

7.31 

3.50 

4.16 

.93 

2.92 

.00 

.36 

2.35 

.02 

T. 

2.24 

T. 


Jan.      Feb. 


3.97 
3.26 

.25 

.86 
2.53 

.58 
4.&1 
14.84 
7.56 
2.72 
7.17 
5.24 
1.30 
2.83 
1.13 
2.18 
6.33 
1.23 
5.12 

.31 
10.15 

.29 
5.32 

.50 
1.04 
4.52 

.65 
6.25 
6.84 
4.35 

.63 
4.48 
2.32 
4.86 
1.36 
2.06 

.46 


2.00 
2.12 
5.87 
2.92 
1.81 
5.48 
3.17 

.18 
5.67 

.00 
11.73 

.71 
10.86 

.30 
2.38 
2.92 
9.68 

.07 
1.19 
8.64 
1.-30 
1.29 
2.96 
8.82 
2.48 
3.55 

.50 

.67 

.00 
3.65 
1.39 

.00 

.05 
3.65 
4.40 
1.63 
4.60 


Mar. 


1.08 

4.22 

.83 

.02 

.18 

.05 

.78 

.38 

2.73 

.82 

2.47 

.34 

1.15 

1.25 

5.74 

3.64 

9.77 

.35 

2.03 

.13 

3.86 

7.31 

1.10 

1.65 

3.36 

7.53 

.22 

1.99 

2.37 

2.73 

.28 

2.78 

1.58 

.16 

2.89 

6.12 

4.40 


37-year 
mean.!, 


Apr. 


2.44 

.46 

.99 

2.02 

1.80 

.00 

.28 

.10 

.27 

.18 

3.34 

1.60 

5.73 

1.63 


May. 


0.72 

.20 

.74 

.37 

.00 

.00 

.14 

.00 

.00 

.45 

.29 

.21 

.00 

.00 

.00 

.29     2.79 

2.60       .39 

3.00  I    .00 

3.40  I     .00 


1.43 

.16 

.49 

.31 

1.90 

.34 

.38 

.35 

.46 

1.78 

.02 

T. 

.64 

.42 

2.07 

1.40 

2.91 

L89 


.33 
.02 
.76 
.18 
.00 
.62 
.00 
.86 
.02 
.08 
.00 

1.25 
.00 

1.90 
.34 
.07 
.00 
.09 


June. 

0.00 
.00 
.07 
.00 
.14 
.00 
.00 
.00 
.00 
.00 
.07 
.00 
.00 
.00 
.20 
.35 

1.62 
.00 
.00 
.03 
T. 
.13 
.00 
.00 
.00 
.00 
.00 
.05 
.05 
.00 
.00 
.78 
.01  I 
.10  I 
.00  j 
.00  I 
.00  I 


July. '  Aug. 


0.00  I  0.00 
.00  I    .00 
.00 
.00 
.00 


.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

T. 
.00 
.00 
.00 
.00 
.00 
.15 

T. 
.40 
.00 

T. 
.00 
.02 
.06 
.00 
.00 
.00 


Total. 


.00 
.00 
.02 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

T. 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

T. 
.09 
.00 
.00 
.10 


25.19 
16.77 
10.27 

a  91 
14.96 
10.50 
14.44 
18.71 
23.07 

4.49 
29.51 
13.58 
25.64 
15.23 
14.27 
13.41 
34.47 
13.08 
24.24 
12.99 
21.71 
21.58 
32.37 
18.38 
10.28 
27.41 

6.85 
15.85 
13.77 
18.10 

4.99 
12.35 
12.68 
15.53 
14.06 
20.45 
11.68 


16.78 


As  has  been  previously  stated,  the  rainfall  for  the  drainage  basin 
of  the  Santa  Ynez  above  the  Mono,  and  for  Mono  Creek,  is  taken 
in  the  computations  as  16.78  inches  as  an  average,  which  is  the 
rainfall  observed  for  thirty-seven  years  at  Santa  Barbara. 

The  drainage  area  above  the  various  reservoir  sites  was  carefully 
determined  from  the  topographic  surveys  of  the  Geological  Survey 
which  have  been  recently  made.  The  area  above  the  Juncal  reser- 
voir site  is  13.4  square  miles;  above  the  Mono  reservoir  site,  119 
square  miles;  above  the  Main  River  reservoir  site,  on  the  Santa 
Ynez  just  below  the  mouth  of  Blue  Canyon,  71  square  miles; 
above  the  Gibraltar  reservoir  site  on  the  main  river,  207  square  miles. 
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The  exposure  of  the  drainage  basin  of  the  Santa  Yiiez  proper  is 
more  favorable  for  a  large  amount  of  run-oflF  than  that  of  the  Mono. 
The  rainfall  usually  increases  as  the  mountains  rise  in  elevation, 
but  the  heaviest  precipitation  is  generally  just  beyond  the  crest  of 
the  range  of  hills;  consequently  we  would  expect  an  unusually  lai^e 
precipitation  just  beyond  the  summit  of  the  Santa  Ynez  Range 
north  of  Santa  Barbara.  Moreover,  this  exposure  being  a  northern 
one,  there  is  less  loss  by  evaporation  from  the  soil.  This  rainfall 
is  strikingly  indicated  by  the  brush  cover  on  the  Santa  Ynez  Moun- 
tains as  compared  with  the  cover  in  the  drainage  basin  of  the  Mono. 

As  an  illustration,  it  may  be  mentioned  that  during  the  season  of 
1902-3  the  Mono  drainage  basin  discharged  8,934  acre-feet  of  water 
from  119  square  miles;  the  Santa  Ynez  above  the  Mono  discharged 
9,898  acre-feet  from  71  square  miles,  and  the  basin  above  the  Gibral- 
tar dam  site  discharged  21,202"  acre-feet  from  207  square  miles. 

By  applying  the  diagram  (fig.  1)  showing  the  relation  of  rainfall  to 
run-oflF  to  the  drainage  areas  of  each  of  the  sites,  the  probable  volum  ^ 
of  water  available  at  each  in  each  year  has  been  obtained  and  is  given 
in  the  last  three  columns  of  table  12.  It  wUl  be  noted  that  there  is 
a  very  great  fluctuation  in  the  volume  discharged  in  various  years. 
For  instance,  in  1875-76  there  were  probably  35,190  acre-feet  of  water 
discharged  through  the  Gibraltar  reservoir  site;  in  the  following  year 
there  were  no  flood  discharges  whatever;  while  in  the  year  1877-78 
there  were  probably  66,240  acre-feet.  This  is  a  strong  argument  in 
favor  of  building  reservoirs  of  sufficient  capacity  to  hold  over  from 
years  of  abundance  to  years  of  deficiency.  It  would  not  be  possible  to 
catch  and  retain  all  the  water  in  all  of  the  years,  as  there  is  a  Umit  to 
the  height  of  dam  that  should  be  built  to  be  commercially  profitable. 

In  consulting  a  table  of  estimated  discharge  of  stream  flow  for 
any  given  section,  it  must  be  borne  in  mind  that  the  figures  are 
purely  hypothetical,  exact  determination  being  impossible,  for  numer- 
ous reasons.  The  character  of  the  run-oflF  is  dependent  upon  the 
character  of  each  particular  rain  storm,  whether  it  is  a  gentle  shower 
or  violent  downpour.  Again,  one  storm  quickly  following  another 
will  produce  a  greater  stream  discharge,  because  there  is  less  oppor- 
tunity of  absorption  of  the  rain  by  the  ground.  The  character 
of  the  exposure,  forest  cover,  etc.,  all  enter  into  the  considerations, 
rendering  the  question  one  of  great  intricacy.  The  table  given 
is  based  upon  general  results  obtained  in  southern  California  and 
must  be  considered  merely  as  an  estimate  made  from  the  most 
reliable  data  in  hand.  In  order  to  obtain  intelligent  results  along 
these  lines,  it  is  exceedingly  important  for  the  city  of  Santa  Bar- 
bara to  maintain  gagings  on  Santa  Ynez  River  continuously,  par- 
ticularly during  the  construction  of  the  tunnel  prior  to  the  building 
of  the  dam  at  Gibraltar. 


a  Estimated. 
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Table  12. — Hypothetical  run-off  for  Santa  Ynez  reservoir  sites  on  basis  o]  observed  Santa 
Barbara  rainfall  and  runroff  diagram. 


Year. 


1867-68. . . 
1868-69... 
186^70... 
1870-71... 
1871-72... 
1872-73... 
1873-74... 
1874-75... 
1875-76... 
1876-77... 
1877-78... 
1878-79... 
1879-80... 
1880-81... 
1881-82... 
1882-83... 
1883-84... 
1884-85... 
1885-86... 
1886-87... 
1887-88... 
1888-89... 
1889-90... 
1890-91... 
1891-92... 
1892-93... 
1893-94... 
1894-95... 
1895-96... 
1896-97... 
1897-98... 
1898-99... 
1899-1900. 
1900-1901. 
1901-2.... 
1902-3.... 
1903-4. . . . 


Run-off 
per  square 

mile  in 
acre-feet. 

Total  run-ofl  in  acre-feet. 

RainfaUof 
Santa  Bar- 
bara and 
Santa  Ynez. 

Juncal 
(drainage 
area,  13 
square 
miles). 

Mono 
(drainage 

square 
miles). 

Main  river 

square 
miles). 

Gibraltar 

area,  207 
square 
miles). 

25.19 

1         210 

2,730 

24,990 

14, 910 

43,470 

15.77 

60 

780 

7,140 

4,260 

12,420 

10.27 

8.91 

14.96 

50 

650 

5,950 

3,550 

10,350 

10.50 

14.44 

40 

520 

4,760 

2,840 

8,280 

18.71 

105 

1,365 

12,495 

7,455 

21,735 

23.07 

170 

2,210 

20,230 

12,070 

35,190 

4.49 

29.51 

320 

4,160 

38,080 

22,720 

66,240 

13.58 

40 

520 

4,760 

2,840 

8,280 

25.64 

230 

2,990 

27,370 

16,330 

47,610 

15.25 

50 

650 

5,950 

3,550 

10,350 

14.27 

40 

520 

4,760 

2,840 

8,280 

13.41 

30 

390 

3,570 

2,130 

6,210 

34.47 

430 

5,500 

51,170 

30,530 

89,010 

13.08 

30 

390 

3,570 

2,130 

6,210 

24.24 

190 

2,470 

22,610 

13,490 

39,330 

12.99 

30 

390 

3,570 

2,130 

6,210 

21.71 

150 

1,950 

17,850 

10,650 

31,050 

21.58 

150 

1,950 

17,850 

10,650 

31,050 

32.37 

370 

4, 810 

44,030 

26,270 

76,500 

18.38 

90 

1,170 

10,710 

6,390 

18,630 

10.28 

27.41 

255 

3,315 

30,345 

18,105 

52,785 

6.85 

15.83 

60 

780 

7, 140  ' 

4,260 

12,420 

13.77 

40 

520 

4,760 

2,840 

8,280 

18.10 

90 

1,170 

10,710 

6,390 

18,630 

4.99 

12.35 

20 

260 

2,380 

1,420 

4,140 

12.68 

30 

390 

3,  570  1 

2,130 

6,210 

15.53 

60 

780 

7,140 

4,260 

12,420 

14.06 

40 

520 

4,760 

2,840 

8,2X0 

20.45 

120 

1,560 

« 14, 280 

''8,520 

24,^0 

,  11.68 

15 

195 

1,7&5 

1,065 

3,  ia5 

«  Measured  flow,  8,934  acre-feet. 


f»  Measured  flow.  9.) 
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Table  13. — Measured  runroff  of  S<mUi  Ynez  River  and  Mono  Creek  for  1902-3. 

Total  run-off  in  acre-feet. 


Month. 


1902. 


July 

August 

September . 

October 

November . 
December . . 


1903. 


January . . 
February . 

March 

April 

May 

June 


Mono  at      Main  river 

dam  site  >  above  Mono 
(drainage       (drainage 
area,  119         area,  71 

square  I      square 

miles).  '      rnUes). 


0 
0 
0 
0 
173 
12 

676 
389 
1,845 
4,820 
799 
220 


Estimate  for  1902-3 14,280 

I  ' 

Run-ofT  for  1902-3,  in  acre-feet  per  square  mile 75. 1 

1903. 

July 21 

August 10 

September 7 

October 3 

November ,  2 

December 3 


46 


0 
0 
0 
0 
280 
111 

1,193 

755 

1,230 

1,045 
286 


9,898 
8,520 
139.4 

68 

31 

18 

9 

a  12 

«14 


152 


"Estimated. 
Runroff  at  OihniUar,  in  arre-Jeet,  for  1902-3. 
'      [Estimated.] 


Mono  at  dam  site 

Santa  Ynez  above  Mono 

17  square  miles  below  Mono,  estimated  (17  X  139.4). 


8,934 
9,898 
2,370 


Total  for  Gibraltar 21 ,  202 
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ToUd  mnroffy  in  acre-feetf  of  main  river  at  Gibraltar  dam  sUe. 
[  Drainago  area.  207  square  miles.] 


July 

August 

September. 
October . . . 
November . 
December  . 


1903.« 


0 
0 
0 
0 
0 
17 


1904. 

July 2 

August 0 

September 11, 484 

October 535 

November 381 

December 430 


1904. 


January  (7-31) 45 

February 690 

March 1^857 

April 1,125 

May 418 

June 42 


January. . 
February . 


1905. 


4,538 
39,753 


Total  for  season 4, 194 

It  is  suggested  that  a  reservoir  should  be  so  constructed  as  to 
supply  at  least  150  gallons  per  capita  daily  for  a  population  of 
10,000,  the  use  and  evaporation  in  this  case  amounting  to  about 
2,100  acre-feet  yearly.  At  the  Mono  reservoir  site  a  dam  85  feet 
high,  holding  water  to  a  maximum  depth  at  the  dam  of  75  feet, 
would  give  this  continuous  supply  for  nineteen  months.  At  the 
Gibraltar  reservoir  site  a  dam  100  feet  high  would  impound  a  two 
years'  supply,  and  a  dam  155  feet  high  would  have  a  capacity  of 
15,793  acre-feet.  These  figures  as  to  flow  of  tne  streams  and  capaci- 
ties of  reservoirs  indicate  the  adequacy  of  a  system  based  upon  these 
physical  conditions.  The  records  of  stream  flow  should  be  continu- 
ously maintained  to  assist  in  the  determination  of  the  requisite 
height  of  dam. 

QUALITY   OF   WATER. 

The  quality  of  the  water  in  the  neighborhood  of  Santa  Barbara 
has  been  made  the  subject  of  long  study  by  Prof.  James  A.  Dodge, 
of  Santa  Barbara.  Herewith  are  given  certain  analyses  made  by 
him  of  the  water  of  creeks  in  this  vicinity.  Although  these  are  not 
absolutely  complete,  inasmuch  as  small  quantities  of  minerals  present 
are  not  stated,  they  were  made  with  care.  Other  complete  analyses 
that  were  made  subsequently  show  no  material  difference  from  the 
results  given.  The  analysis  of  the  water  of  the  city  tunnel  as  supplied 
to  consumers  in  Santa  Barbara  was  made  at  the  request  of  Doctor 
Cassal,  health  officer  in  1899.  The  amount  of  mineral  substances  in 
solution  in  the  tunnel  water  does  not  materially  differ  from  that  shown 
by  the  analysis  made  of  Mission  Creek  waters  in  1S94.  Other  analyses 
made  by  Professor  Dodge  at  various  times,  of  waters  from  the  wells 


»  Estimated. 


Digitized  by  VjOOQIC 


56  WATER   PROBLEMS    OF    SANTA    BARBARA,   CAL.  [no.  116. 

in  the  city,  show  them  to  be,  generally  speaking,  very  similar  to  the 
creek  water.  Professor  Dodge  concludes  that  the  ordinary  water  in 
use  for  domestic  purposes  from  the  strip  of  coimtry  between  Santa 
Ynez  Mountains  and  the  ocean  is  practically  uniform  in  quality. 
There  are,  however,  exceptional  waters  in  this  vicinity  differing 
decidedly  from  those  above  referred  to,  one  of  these  being  the 
Veronica  water,  and  another  the  water  from  the  Hot  Springs. 

ANALYSES   OF   SAMPLES. 

Certain  analyses  were  made  of  the  water  from  Mono  Creek  by 
Prof.  Laird  J.  Stabler,  chemist  for  the  University  of  Southern  Cali- 
fornia and  also  for  the  Southern  California  Medical  College,  one 
(No.  5)  being  of  the  low  summer  flow,  consisting  of  merely  a  few 
miner's  inches  seeping  through  the  sands  and  gravels  and  naturally 
containing  an  abnormally  large  amount  of  mineral  matter.  Another 
(No.  7)  was  of  the  water  from  the  first  floods  from  the  drainage  basin, 
which,  as  is  customary  after  a  long  drought,  carried  some  of  the 
accumulated  salts  deposited  along  the  margins  of  the  stream  by 
summer  evaporation,  and  also  a  large  amount  of  pulverized  sedi- 
ment trampled  by  stock  during  the  preceding  summer  and  readily 
picked  up  and  carried  away  by  the  first  dash  of  water  over  the 
ground.  These  analyses  of  the  low-water  stage  at  the  end  of  a  dry 
season  and  the  first  flood  water  are  the  most  unfavoi*able  that  could 
be  made.  The  analyses  of  the  later  floods,  made  as  the  season 
advanced,  give  smaller  amounts  both  of  silt  and  of  mineral  matter, 
as  shown  in  analyses  No.  9  and  No.  12. 

Analysis  No.  1,  vxiier  of  Mission  Creek, 

[Analyst,  James  A.  Dodge;  date  of  analysis,  June,  1894.] 

Qrains  per 
U.  S.  gaUon. 

Sodium  chloride 1. 28 

Sodium  sulphate "6. 95 

Calcium  sulphate 7.  45 

Calcium  carbonate 6. 02 

Magnesium  carbonate 4. 21 

Potassium  carbonate Trace. 

Alumina  and  iron  salts Trace. 

Silica Traw». 

Total 25.91 

Reaction  of  residue  left  by  evaporation  in  a  platinum  dish,  slightly  alkaline. 

Analysis  No.  2,  vxiier  of  Odd  Spring  CrefJc. 

[Analyst,  Jainos  A.  Dodge;  date  of  analysis.  June,  1894.] 

Grains  per 
U.  8.  gallon. 

Sodium  chloride 1. 05 

Sodium  sulphate 5. 96 

Calcium  sulphate 10.  63 
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Grains  per 
IT.  S.  gaUon. 

Calcium  carbonate 6. 25 

Magnesium  carbonate 6. 54 

Potassium  carbonate Trace. 

Alumina  and  iron  salts Trace. 

Silica Trace. 


Total 30.43 

Reaction  of  residue  left  by  evaporation  in  a  platinum  dish,  slightly  alkaline. 

Arialysis  No.  .1,  vxUer  from  the  Santa  Barbara  city  water  tunnel. 

[Analyst,  James  A.  Dodge;  analysis  made  In  November,  1899,  for  Doctor  Cassal,  health  officer.] 

Grains  per 
U.  S.  gallon. 

Sodium  chloride 0.  537 

Sodium  sulphate 8. 392 

Magnesium  sulphate 3. 118 

Magnesium  carbonate 1. 769 

Calcium  carbonate 14. 097 

Iron  carbonate 122 

Potassium  carbonate 379 

Lithium  salts Trace. 

Silica Trace. 

Nitrates Trace. 

Organic  carbonaceous  matter Trace. 

Total : 28.414 

Arudyins  No.  4,  uxUer  from  Santa  Ynez  River  at  gaging  station  one-half  mUe  above  mouth  of 

Mono  Creek. 

[Collected  by  8.  G.  Bennett,  January  4,  1903;  analyst.  Laird  J.  Stabler.    Clear  water;  low  stage  before 

winter  flootls.] 


Sodium  chloride. . . 
Sodium  sulphate. . . 
Sodium  carbonate. 
Total  solids 


Grains  per 
gallon. 

Parts  per 
100,000. 

2.72 

4.08 

29.82 

51.19 

16.57 

28.41 

42.91 

73.60 

Arudyitis  No.  ft,  imter  from  Mono  Creek  at  gaging  station  near  mouth. 
[Coilected  by  8.  G.  Bennett,  January  4, 1903;  analyst,  I^lnl  J.  Stabler.    Clear  water,  low  stage.) 


Sodium  chloride 

Sodium  sulphate 

Sodium  carbonate 

Total  mineral  matter. 


(trains  per 
gallon. 

Parts  per 
100,000. 

5.94 

10.20 

58.28 

99.94 

17.94 

30.74 

81.64 

140.00 
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Analysis  No.  6,  vxiter  from  Sania  Ynez  River  above  mtnUth  of  Mono  Creek, 
[CoUeot«d  by  W.  B.  Clapp,  November,  19Q2;  analyst.  Laird  J.  Stabler.    First  flood.] 


Grains  per 
gallon. 


Sodium  chloride 2. 50 

Sodium  sulphate 38. 25 

Sodium  carbonate I  10. 13 

Total  solids  in  suspension 1,749.  50 

Total  solids  in  solution 67. 64 


Parts  per 
100,000. 


3.5 

65.6 

17.38 

2,640.00 

116.00 


SoUd  matter  deposited  in  30  hours,  7.3  per  cent  by  volume;  solid  matter  deposited  in 
3  days,  7.3  per  cent  by  volume. 

Analysis  No.  7,  water  from  Mono  Creek  near  dam  site. 
[CoUeoted  by  W.  B.  Clapp,  November,  1002;  analyst,  Laird  J.  Stabler.    First  flood.] 


OnUns  per 
gallon. 


Sodium  chloride 2. 3 

Sodium  sulphate 33. 11 

Sodium  carbonate ;  9. 51 

Total  solids  in  suspension 342. 80 

Total  solids  in  solution 57. 15 


Parts  per 
100,000. 


3.94 

56.80 

16.32 

931.00 

98.00 


Solid  matter  deposited  in  30  hours,  4  per  cent  by  volume;  solid  matter  depositcnl  in 
3  days,  4.1  per  cent  by  volume. 

Andlysis  No.  7,  voater  from  Mono  Creek. 
[CoUected  January  24, 1903,  at  low  stage;  analyst,  James  A.  Dodge.] 

Orains  per  gallon. 

Suspended  siliceous  matter,  separated  by  filtration 1. 46 

Sodium  chloride 5. 49 

Sodium  carbonate 3. 73 

Sodium  sulphate 13. 14 

Magnesium  sulphate 22. 43 

Calcium  sulphate 10. 34 

Calcium  carbonate 16. 99 

Aluminum  sulphate 1. 17 

Iron  salts Trace. 

Potassium  salts , Trace. 

Oi^ganic  matter : Trace. 

Total  dissolved  substances: 73. 29 

The  following  analyses  of  waters  from  Mono  Creek  and  Santa 
Ynez  River  were  taken  from  the  low  stage  of  the  stream  subsequent 
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to  the  first  flood,  but  it  is  believed  that  they  still  contained  abnor- 
mally high  quantities  of  solids  in  solution: 

Analysis  No.  8,  water  fram  Santa  Ynez  River  at  caUe  staJtum. 
[Ck>llected  by  H.  Rankin,  January  29,  1903;  analyst,  Laird  J.  Stabler.    Low  stage.] 


Grains  per      Parts  per 
gallon.      I      100,000. 


Chlorides  as  sodium  chloride 

Carbonates  as  sodium  carbonate 

Sulphates  as  sodium  sulphate 

Total  solids  in  solution 

Total  solids  in  suspension  (0.02  per  cent ) . 


2.04 

3.5 

14.45 

24.8 

18.49 

31.72 

34.99 

60.00 

11.66 

20.00 

Analysis  No.  9,  water  from  Mono  Creek  at  cable  station. 
[Collected  by  H.  Rankin,  January  29,  1903;  analyst,  L.  J.  Stabler.] 


Chlorides  as  sodium  chloride 

Carbonates  as  sodium  carbonate 

Sulphates  as  sodium  sulphate 

Total  solids  in  suspension  (0.02  per  c^'nt) . 
Total  solids  in  solution 


Grains  per 
gallon 

Parts  per 
100,000. 

3.67 

6.3 

10  99 

18.86 

37.00 

63.44 

13.99 

24.00 

56.20 

97.2 

Analysis  No.  10,  uxiter  from  Santa  Ynez  River  at  cable  station. 
[Collected  by  11.  Rankin,  January  30,  1903;  analyst,  L.  J.  Stabler.] 


Chlorides  as  sodium  chloride 

Carbonates  as  sodium  carbonate. 

Sulphates  as  sodium  sulphate 

Solids  in  solution 


Analysis  No.  11,  water  from  Mono  Creek  at  cable  station. 
[Collected  by  H.  Rankin,  January  30,  1903;  analyst,  L.  J.  Stabler.] 


Chlorides  as  sodium  chloride 

Carbonates  as  sodium  carbonate, 
Sulphates  as  sodium  sulphat(>. . . 
Solids  in  solution 


Grains  per 
gallon. 


3.67 
14.60 
44.10 
65.42 


Parts  per 
100,000. 


6.3 
25.01 
75.64 
112.0 
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Analysis  No.  12 j  water  from  Mono  Creek. 

[('oUected  by  U.  Kankin.  January  28,  1903;  analyst,  James  A.  Dodge.    Flood  water.] 

Grains  per  gallon. 

Sodium  chloride 0.99 

Sodium  carbonate 1. 05 

Sodium  sulphate 7.  59 

Magnesium  sulphate 3. 52 

Calcium  sulphate 6. 07 

Calcium  carbonate 7. 83 

Iron  carbonate 88 

Potassium  salts Trace. 

Organic  matter Trace. 


Total 27.93 

This  water  contained  silt,  suspended  and  subsided,  consisting  mainly  of  clay,  but  eoo- 
taining  some  fragments  of  vegetable  matter,  and  amounting  to  3}  per  cent  by  weight  of  the 
total  water.  This  silt  subsided  with  moderate  quickness  and  left  the  water  clear  in  some- 
what less  than  three  days. 

Analysis  No.  13,  water  from  Mono  Creek. 

ICollected  by  H.  Rankin,  February  28, 1903;  discharge,  4.50  second-feet;  analyst,  L.  J.  SUblcr.] 


Sodium  chloride 

Sodium  carbonate 

Sodium  sulphate 

Potassium  sulphate 

Calcium  sulphate 

Calcium  carbonate 

Magnesium  carbonat.e. 

Total 


Grains  per 
gallon. 

Parts  per 
100,00a 

4.01 

a87 

2.00 

3.« 

14.85 

25.46 

1.02 

1.72 

30.45 

52.22 

3.82 

6.56 

8.42 

14.43 

64.57  110.69 


The  mineral  matter  is  rather  excessive  for  domestic  purposes.  The  alkali  salts  are  not 
beyond  the  limit  for  irrigation,  but  amount  present  would  be  large  for  some  soils.  The 
water  would  form  considerable  hard  scale  in  boilers.  As  this  is  a  low-water  sample,  it 
shows  more  mineral  salts  than  flood-water  samples. 

Analysis  No.  H,  water  from  Mono  Creek. 

[rollocted  by  II.  Rankin,  February  26, 1903;  discharge,  4.5  second-feet;  analyst,  James  A.  Dodge.] 

Grains  per  gallon 

Sodium  chloride 3. 97 

Sodium  carlx>nate 3. 91 

Sodium  sulphate 13. 84 

Magnesium  sulphate 21.  55 

Calcium  sulphate 8. 37 

Calcium  carbonate 22. 02 

Iron  carbonate Trace. 

Aluminum  sulphate 0.  52 

Pota.s8ium  salts Trace. 

Silica 0.41 

Total 74.59 

Suspended  matter 0.  29 
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Analysis  No.  I5j  jrom  Santa  Ynez  River  at  Gibraltar. 
[Collected  by  L.  M.  Hyde,  May  2, 190* ;  discharge,  16.97  second-feet;  analyst,  James  A.  Dodge.] 

1 .  General  character  of  the  water. 

Clear,  colorless,  free  from  odor,  of  good  taste;  showing  a  slight  sediment  in  the  bottle, 
not  sufficient  for  quantitative  determination.     Reaction  slightly  alkaline. 

2.  Organic  matter. 

A  microscopic  examination  of  the  very  small  amount  of  matter  separated  by  filtering, 
including  the  above-mentioned  sediment,  showed  some  plant  fibers  and  parts  of  vegetable 
organisms;  also  a  few  infusoria  in  a:  state  of  activity.  These  are  usually  present  in  river 
and  lake  waters. 

3.  Chemical  analysis  of  the  mineral  matter  in  solution. 


Calcium  carbonate. . . 

Calcium  sulphate 

Magnesium  sulphate . 

Sodium  sulphate 

Sodium  chloride 

Potassium  carbonate. 

Lithium  salts 

Iron  salts 

Nitrates 

Silica 


Parts  per      Grains  per 
100,000.        U.S.  gallon. 


34.98 

20.393 

4.03 

2.350 

25.78 

15.030 

12.57 

7.328 

3.64 

2.122 

1.05 

0.612 

Trace. 

Trace. 

Trace. 

Trace. 

Trace. 

Trace. 

Trace. 

Trace. 

Total 


82.05 


47.835 


The  foregoing  substances  are  to  be  understood  as  in  the  anhydrous  state. 

Degrees. 

Total  hardness 37 

Permanent  hardness 20 

Temporary  hardness 17 

The  total  and  the  permanent  hardness  were  determined  b}'  the  use  of  a  standardized 
soap  solution.  The  temporary  hardness  is  found  by  subtracting  the  permanent  from  the 
total. 

The  U.  S.  gallon  of  231  cubic  inches  is  the  basis  of  these  results,  not  the  imperial  gallon, 
as  formerly  customary. 

This  analysis  shows  that  the  water  is  of  good  quality  for  domestic  use  and  for  irrigation. 
For  table  use,  like  the  water  of  all  streams  in  this  vicinity,  it  would  be  improved  by  boil- 
ing and  settling.  This  process  removes  a  considerable  part  of  the  mineral  matter  and 
destroys  infusoria  and  other  living  organisms.  For  use  in  steam  boilers  it  would  be  advis- 
able to  submit  this  water  to  a  softening  treatment  before  taking  it  into  the  boilers. 

DISCUSSION    OP   ANALYSES. 

Up  to  January  28,  1903,  this  season  was  not  productive  of  floods, 
the  precipitation  having  been  largely  in  the  form  of  snow  in  the 
higher  mountains,  and  the  high  water  occurring  later  in  the  spring. 
For  this  reason  all  of  the  samples  except  Nos.  6,  7,  and  12  were  taken 
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when  the  stream  was  at  low  stage.  The  water  that  runs  oflP  the 
surface  of  the  ground  in  floods  will  not  contain  as  much  mineral 
matter  as  that  which  seeps  through  the  soil  into  the  stream  during 
its  low  stage.  Samples  Nos.  12  and  13  show  this  to  be  true.  It  is 
probable  that  over  80  per  cent  of  the  total  annual  discharge  of  the 
Mono  will  be  in  freshets.  This  being  the  case,  we  may  expect  the 
water  that  is  stored  in  reservoirs  to  be  more  nearly  like  the  flood- 
water  than  the  low-water  samples  analyzed.  If  the  low-water  flow 
tends  to  deteriorate  the  whole  impounded  in  the  reservoir,  it  may 
be  carried  around   the  reservoir  in  a  conduit. 

The  first  flood  that  is  flushed  over  the  surface  of  a  drainage  basin 
after  a  drought  will  absorb  more  mineral  matter  than  later  floods 
will  find.  Thus  sample  No.  12  shows  better  water  than  No.  7. 
Sample  No.  12,  from  the  second  flood  water  of  the  Mono,  shows  a 
water  practically  the  same  as  that  now  being  used  by  the  city  of 
Santa  Barbara  from  Mission  Creek  and  the  city  tunnel.  The  low- 
water  samples  contain  a  high  per  cent  of  mineral,  but  even  they  are 
pronounced  harmless  by  Mr.  Dodge.  The  water  of  the  Santa  Ynez 
above  the  Mono  is  better  than  the  Mono  water.  The  water  stored 
at  the  Gibraltar  site  would  be  a  blended  water,  grading  between  the 
two;  and  in  view  of  the  fact  that  tliis  is  the  only  source  of  supply 
open  to  the  city  for  an  adequate  amount  of  water,  it  is  believed  that 
it  should  be  accepted. 

Prof.  James  A.  Dodge,  a  chemist  of  marked  and  recognized  ability, 
residing  at  Santa  Barbara,  who  made  a  number  of  the  foregoing 
analyses,  gives  the  following  statement  about  the  quality  of  this 
supply: 

On  the  supposition  that  the  propoeed  reservoir  on  Mono  Creek  will  be  filled  with  the 
flood  water  of  the  creek,  but  that  the  water  running  in  the  creek  during  its  low  stages  will 
also  pass  into  the  re8er^'oir,  the  water  as  supplied  to  this  city  from  that  source  will  in  its 
composition  come  between  the  samples  analyzed  by  me  and  reported  on  the  16th  and 
21st  of  February  [No.  12]  and  the  4th  of  March  [No.  14],  and  might  under  certain  con- 
ditions approximate  to  the  first  of  these  samples. 

Considering,  therefore,  this  low-water  sample,  I  call  attention  to  the  fact  that  the  prin- 
cipal mineral  ingredients — that  is,  those  present  in  greatest  quantity — are  the  familiar 
calcium  and  magnesium  salts  of  our  hard  waters.  A  person  drinking  a  quart  of  this 
water  would  take  into  his  stomach  from  12  to  13  grains  of  these  salts.  He  would  at  the 
same  time  take  about  5  grains  of  sodium  salts,  equally  common  in  our  natural  waters  as 
used  for  domestic  purposes,  together  with  a  very  small  amount  of  other  harmless  mineral 
substances. 

In  my  opinion,  these  quantities  of  all  these  substances,  taken  in  water,  would  not  be 
sufficient  to  produce  any  deleterious  or  unpleasant  effects  upon  a  person  in  good  health, 
properiy  supplied  with  food.  Nor  would  the  habitual  use  of  the  water  bring  about  any 
bad  consequences.  In  the  case  of  some  persons  in  delicate  health,  or  of  persons  fasting, 
the  same  substances  in  the  same  quantity  contained  in  the  water  would  probably  have 
the  medicinal  action  of  an  aperient.  This  opinion  is  based  on  actual  experience  in  the  use 
of  such  water  by  myself  and  by  others  in  the  same  company. 
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I  will  add  that  this  water  by  being  boiled  would  be  caused  to  deposit  a  part  of  the  calcium 
and  magnesium  salts,  in  the  form  of  carbonates,  and  would  thereby  be  improved.  Fur- 
thermore, aside  from  the  removal  of  a  part  of  the  mineral  matter,  all  water  taken  from 
streams  and  lakes,  in  view  of  the  possibility  of  its  contamination  by  disease  germs,  needs 
boiling  to  make  it  perfectly  safe  for  domestic  use.  After  being  boiled  and  decanted  from 
the  precipitated  substances,  the  water,  if  placed  in  a  suitable  receptacle,  will  keep  as  long 
as  may  be  desired  and  will  be  quite  potable  from  first  to  last. 

As  regards  the  use  of  the  Mono  Creek  water  for  cooking  purposes,  in  my  opinion  the 
quantity  of  mineral  substances  introduced  into  the  articles  cooked  with  it  would  not  be 
sufficient  to  produce  any  noticeable  effects. 

For  washing  this  is  a  hard  water.  It  would,  with  ordinary  soaps,  be  somewhat  more 
troublesome  than  the  waters  now  supplied  to  the  people  of  this  city. 

In  the  irrigation  of  trees,  shrubs,  and  other  plants,  this  water  would  not  produce  any 
injurious  effects,  unless  applied  in  extraordinary  quantity  or  on  soil  with  little  or  no 
drainage. 

It  must  be  admitted  that  these  waters  are  not  of  high  grade  for 
domestic  use  because  of  the  large  quantities  of  mineral  matter  in 
solution,  but  it  is  not  beUeved  that  they  will  be  injurious  to  health, 
nor  will  they  be  harmful  to  vegetation.  The  sulphate  of  sodium 
IS  not  harmful,  and  the  sulphate  of  lime  tends  to  neutralize  the  car- 
bonates. All  stream  waters  contain  more  or  less  mineral  matter. 
Chemically  pure  water  is  neither  pleasant  to  drink  nor  healthful. 
The  question  of  soils  becoming  alkaline  from  irrigation  with  salty 
water  is  largely  dependent  upon  the  slope  and  drainage  that  the 
soil  itself  has.  In  a  hill  country  water  containing  unusual  quan- 
tities of  alkali  may  be  used  with  impunity,  while  in  a  flat  country 
a  water  of  much  better  grade  could  not  be  applied  in  irrigation 
without  producing  bad  effects.  No  organic  impurities,  which  are 
most  to  be  feared,  will  be  found  in  these  waters  in  dangerous  quan- 
tities. 

It  should  be  stated  that  the  samples  Nos.  4  to  1 1 ,  given  Professor 
Stabler,  were  not  large  enough  in  volume  to  permit  of  complete 
analysis. 

Mr.  Thomas  H.  Means,"  of  the  Bureau  of  Soils  of  the  Department 
of  Agriculture,  makes  the  following  comment  upon  the  quality  of 
the  water  as  indicated  by  the  foregoing  analyses : 

£  have  examined  the  analyses  given  in  your  report  to  the  city  water  comn^issioners  of 
Santa  Barbara,  Cal.,  with  a  view  to  determining  whether  these  waters  would  be  consid- 
ered favorable  for  city  use  or  not.  I  have  considered  the  sources  as  free  from  contamina- 
tion through  animals  and  consequently  have  confined  my  attention  to  the  mineral 
ingredients  which  the  water  carries. 

As  I  understand  the  situation,  the  water  which  you  propose  to  carry  through  the  moun- 
tains by  a  tunnel  is  to  be  stored  in  a  reservoir  on  Santa  Ynez  River  and  comes  in  something 
like  equal  parts  from  Santa  Ynez  River  and  Mono  Creek.    The  analyses  in  your  report  are 

a  Mr.  Means  has  since  been  appointed  engineer  of  soils  of  the  Reclamation  Service. 
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from  samples  taken  from  both  streams.    The  following  table  is  a  recapitulation  of  the 
analyses,  showing  only  the  total  solids  in  100,000  parts  of  water: 

CompariHon  oj  analyses  of  Santa  Ynez  and  Mono  water. 


Date. 

stage  of  SanU  Ynea 
River. 

Parts  per 

100,000. 

Date. 

1903. 
Jan.       4 

Nnv  a  — 

stage  of  Mono  Creek. 

Parts  per 
100,000. 

1903. 
Jan.       4 

Nov.«  — 

Low     stage     before 

floods. 
First  flood 

73.60 
116.00 

Low     stage      before 

floods. 
First  flood 

140.00 
98.00 

Jan.     29 

Low  stage 

60. 00       Jan.      29 

Low  st-Age  .......    . . 

97.20 

30 

do 

69.20 

1 
1 

30 
28 
26 
26 

do.l 

Flood 

112.00 
48.30 

Low  water 

110.69 

do 

129.00 

a  1902. 

All  of  these  samples,  with  one  exception,  are  collected  at  low  stage  of  the  stream,  when 
the  amount  of  soluble  matter  is  usually  highest,  or  at  first  flood  after  the  dry  season,  when 
the  accumulations  of  saUne  matter  from  the  surface  of  the  soil  are  swept  into  the  stream. 
So  these  analyses  probably  represent  the  worst  condition  of  the  water.  The  only  flood 
sample  is  that  from  the  Mono  Creek  collected  January  28, 1903,  and  its  analysis  shows 
considerably  less  than  half  the  soluble  matter  found  in  the  low-stage  flow  of  the  stream. 
I  presume  if  flood  samples  were  collected  from  the  Santa  Ynez  a  similar  falling  off  in 
amount  of  soluble  matter  would  be  noted.  The  importance  between  this  difference  in  low- 
water  and  flood  stages  is  very  great,  especially  where  the  floods  can  be  stored  and  where 
it  may  be  possible  to  divert  the  low-water  flow  and  carry  it  around  the  reservoir. 

The  waters  of  Mono  Creek  seem  to  carry  much  more  soluble  matter  than  do  those  of  the 
Santa  Ynez.  The  average  of  the  analyses  given  under  the  first  four  dates  in  the  table  shows 
Mono  Creek  to  carry  nearly  49  per  cent  more  soluble  matter  than  does  Santa  Ynez  River. 
If  the  same  ratio  holds  during  the  flood  season  the  mixture  of  waters  in  the  two  streams 
should  carry  less  than  40  parts  per  100,000  parts  of  water,  or  a  water,  as  will  be  shown  later, 
which,  according  to  the  most  rigid  standards  in  eastern  cities  and  in  Europe,  would  be  classed 
as  "  good  "  for  domestic  use.  On  the  other  hand,  if  the  low-water  discharge  alone  is  con- 
sidered the  average  of  a  mixture  of  the  two  waters  would  be  about  114  parts  per  100,000. 
Later  I  will  show  that  according  to  accepted  standards  this  amount  of  soluble  matter  is 
well  within  the  limit  of  western  American  sanitary  engineers. 

The  standard  most  generally  accepted  in  eastern  United  States  and  Europe  allows  50 
parts  per  100,000  parts  of  water.  More  than  that  quantity  serves  to  condemn  a  water  or 
class  it  as  a  water  only  "  fair  "  for  domestic  use,  while  waters  carrying  less  than  50  parts  are 
classed  generally  as  good.  E.  W.  Hilgard,  of  the  University  of  California,  places  the  limit 
for  domestic  use  at  40  grains  per  gallon  (68.6  parts  per  100,000).  J.  K.  Haywood,  chief 
of  the  water  laboratory  of  the  Bureau  of  Cliemistry  in  the  United  States  Department  of 
Agriculture,  in  an  article  on  Analysis  of  Waters  and  Interpretation  of  Results,  published 
in  the  Department  of  Agriculture  Yearbook  for  1902,  makes  the  following  statement: 
"  Some  water  analyzers  would  cast  aside  all  doubt  by  declaring  that  waters  containing 
above  686  parts  per  million  (68.6  parts  per  100,000)  are  to  be  condemned,  but  such  is  not 
the  case,  as  there  are  many  instances,  especially  in  the  West,  of  water  containing  1 ,200  parts 
per  million  (120  parts  per  100,000)  and  over  being  used  without  apparent  evil  results." 

As  a  matter  of  precedent,  I  might  say  that  there  are  a  number  of  small  western  towns 
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using  water  carrying  more  than  100  parts  soluble  matter  per  100,000  parts  of  water,  and  that 
the  city  of  Phoenix,  Ariz.,  supplies  about  15,000  people  with  water  carrying  from  102  to 
136  parts,  without  apparent  inconvenience  or  harmful  effect.  Numerous  domestic  supplies 
for  families  have  been  observed  by  myself  carrying  from  400  to  500  parts  per  100,000,  all 
without  evil  effect  and  with  no  inconvenience  except  that  the  waters  were  unpalatable  at 
first.  The  inhabitants  of  some  parts  of  the  Southwest  have  become  so  used  to  the  saline 
waters  that  I  have  seen  pure  water  salted  at  table  to  bring  back  the  familiar  taste 

I  find  it  very  difficult  to  draw  any  definite  conclusions  from  the  character  of  the  salts  in 
the  water,  for  I  am  not  familiar  with  the  methods  employed  by  the  chemists  in  calculating 
these  analyses.  However,  it  seems  that  the  most  important  constituents  are  salts  of  lime. 
These  serve  to  make  the  water  hard,  will  cause  considerable  losses  in  soap  used,  and  will 
give  trouble  in  boiler  use  by  forming  scale.  I  can  not  say  how  much  of  this  hardness  is 
"  temporary  "  and  how  much  "permanent."  The  two  analyses,  Nos.  13  and  14,  are  evi- 
dently made  from  duplicate  samples  by  two  chemists  working  independently.  One  of 
them,  No.  13,  would  be  classed  as  a  hard  water  with  nearly  all  the  hardness  permanent,  or, 
in  other  words,  it  could  not  be  removed  by  boiling.  On  the  other  hand,  when  we  consider 
analysis  No.  14,  nearly  one-half  of  the  hardness  is  temporary,  or  could  be  removed  by 
simply  boiling  and  allowing  the  sediment  to  settle.  If  a  new  set  of  analyses  were  made  I 
would  suggest  they  be  made  by  some  accepted  standard  of  water  analyses  and  both  "  tem- 
porary" and  "  permanent"  hardness  be  determined. 

Of  the  other  salts  present  only  the  sodium  sulphate  and  magnesium  sulphate  are  present 
in  sufficient  quantity  to  warrant  consideration.  Both  these  salts  are  laxative,  but  only 
the  most  delicate  constitutions  would  be  affected  by  the  small  amounts  taken  in  this 
water.  Newcomers  to  the  locality  might  notice  the  effect  of  the  water  for  a  few  days, 
but  I  am  sure  no  evil  effects  can  possibly  come  from  the  constant  use  of  such  water. 

The  small  amounts  of  sodium  carbonate  would  either  neutralize  the  effects  of  part  of  the 
calcium  sulphate  or  would  react  with  some  of  the  magnesium  salts  to  lower  the  amount  of 
**  permanent"  hardness.  The  amount  of  sodium  chloride  is  so  small  as  to  be  negligible  in 
considering  the  value  of  the  water. 

In  summing  up  the  matter  I  will  say  that  I  think  the  flood  flow  of  the  united  Santa 
Ynez  and  Mono  will  prove  to  be  well  within  the  limits  set  down  by  the  most  rigid 
eastern  standards,  and  that  from  the  available  analyses  even  the  low-stage  flow  will  be 
found  to  be  well  within  the  limits  allowable  for  western  cities  and  much  lower  in  salt  con- 
tents than  many  waters  which  have  been  in  use  for  a  long  time  without  deleterious  effects. 

If  further  analyses  are  made  I  would  suggest  that  both  "  temporary  "  and  "  permanent " 
hardness  be  determined  and  that  some  attempt  be  made  to  collect  flood  samples  as  well  as 
.  the  normal  and  low  stage  from  both  streams. 

In  respect  to  the  amount  of  solid  matter  in  the  stream,  it  will 
be  seen  that  there  was  less  silt  in  the  first  flood  water  from  the.  Mono 
than  from  the  Santa  Ynez;  the  reverse  may  be  expected  under  ordi- 
nary conditions.  Both  of  these  analyses  show  the  percentage  of  wet 
silt  by  volume  at  the  expiration  of  a  short  period  of  settlement.  This 
determination  of  solid  matter  by  volume  gives  an  exaggerated  idea  of 
the  way  in  which  the  silt  might  be  expected  to  destroy  the  storage 
capacity  of  the  reservoir,  for  it  will  compact  as  it  settles  in  the  reser- 
voir and  as  other  silt  is  deposited  upon  it.  In  this  manner  it  will 
solidify  into  soil  occupying  from  one-half  to  one-quarter  of  the  space 
indicated  by  its  volumetric  determination.  Later  floods  have  shown 
less  than  one-tenth  of  1  per  cent  of  silt. 

The  way  to  meet  the  silt  problem  in  the  future  will  be  by  building 
IKR  116—05 5 
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the  dams  higher  when  their  storage  capacity  is  impaired.  The  eleva- 
tion of  the  bed  of  the  creek  at  the  Mono  reservoir  site  is  1,440  feet; 
the  capacity  to  the  1,530-foot  elevation  is  6,509  acre-feet.  If  the 
water  level  is  raised  10  feet,  or  to  the  1,540-foot  elevation,  the  capacity 
will  be  increased  2,254  acre-feet,  or  34.6  per  cent.  If  we  consider 
that  the  reservoir  will  lose  as  much  as  2  per  cent  of  its  capacity  annuaUy 
by  silting,  or  34  per  cent  in  seventeen  years,  the  original  capacity 
could  be  restored  by  raising  this  dam  10  feet  in  height  at  the  end  of 
that  period  of  time.  In  a  similar  manner  the  capacity  of  the  Gibral- 
tar reservoir  may  be  increased  about  30  per  cent  by  raising  the  crest 
10  feet  above  the  155-foot  elevation. 

FOREST   COVER. 

The  true  and  permanent  solution  of  this  silting  problem  lies  in  the 
protection  and  development  of  the  forest  and  brush  cover  of  this 
reserve.  A  valuable  brush  cover  is  shown  in  PI.  Ill,  B.  Under  existing 
conditions  the  Los  Prietos  Y  Najalayegua  grant  is  wedged  in  between 
the  Pine  Mountain  and  Zaca  Lake  Forest  Reserve  and  the  Santa  Ynez 
Forest  Reserve,  along  the  canyon  of  Santa  Ynez  River.  This  private 
grant  is  not  only  pastured  to  sheep  and  goats,  but  is  also  subject  to 
attacks  from  fires  originating  thereon  which  can  not  be  properly 
restrained.  Sheep  have  been  described  as  the  hoofed  locusts  of  the 
mountains.  Their  small  feet  cut  up  and  pulverize  the  soil,  destroying 
t'le  plants  and  roots  that  might  otherwise  escape  them.  They  are  a 
menace  almost  equal  to  that  of  fire  to  every  drainage  basin  in  south- 
ern California  which  they  enter.  Arrangements,  if  possible,  should 
be  made  looking  toward  the  condemnation  of  this  property  in  some 
way  and  its  addition  to  the  forest  reserves  above  referred  to.  The 
board  of  water  commissioners  of  Santa  Barbara  very  wisely  and 
properly  have  urged  tliis  matter  with  the  Departments  at  Washing- 
ton, and  the  forestry  experts  who  have  examined  the  region  have 
favorably  reported  upon  the  action  suggested." 

With  a  natural  increase  of  vegetation  and  protection  from  the  fires 
which  have  raged  through  this  district  for  years  past  it  is  believed 
that  the  silt  danger  would  be  largely  mitigated.  This  is  a  subject 
which  should  be  followed  up  as  one  of  vital  importance,  and  but  one 
solution  should  be  permitted,  to  wit,  the  expulsion  of  the  sheep  from 
the  drainage  basin  of  the  Santa  Ynez  and  the  protection  of  the 
forest  and  brush  cover  from  fire.  Otherwise  the  drainage  basin  is 
satisfactor3^  There  are  practically  no  human  habitations  within  its 
borders  above  the  proposed  reservoir  sites,  and  probably  will  be  none 
in  the  near  future,  as  the  country  is  too  mountainous  and  too  inhospi- 

«In  Deco!nl>er,  1903,  after  the  above  had  been  written,  an  Executive  order  included  this  graot  in 
the  forest  reserve,  an  exchange  of  holdings  having  been  arranged  with  the  owner,  and  now  the  entire 
reservation,  including  the  whole  basin  of  the  upper  Santa  Ynez,  is  known  as  the  SanU  Barbara  For- 
est Reserve. 
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table  to  admit  of  agricultural  pursuits.     The  greater  portion  of  the 
basiixis  now  included  in  forest  reserves. 


RESERVOIR   SITES. 
JlNtAL  SITE. 


Mr.  George  Wright  made  surveys  of  the  Juncal  reservoir  site  and 
determined  the  following  capacities : 

Table  14,— Capacities  of  the  Juncal  reservoir  site  jor  various  heights  of  danu 


Height  of 
dam  in  feet. 

B£ilUon  gal- 
lons. 

Acre-feet. 

50 

350 

1,074 

75 

705 

2,164 

100 

1,050 

3,222 

125 

1,437 

4,410 

150 

1,877 

5,760 

175 

2,352 

7,218 

200 

4,000 

12,276 

It  will  be  noted  that  with  a  dam  100  feet  high  the  capacity  of  the 
Juncal  reservoir  is  3,222  acre-feiet;  with  a  100-foot  dam  on  the  Mono 
reservoir  site  the  capacity  is  8,763  acre-feet.  The  Mono  site,  there- 
fore, has  2.72  times  the  capacity  of  the  Juncal,  with  the  same  height  of 
dam.  The  Gibraltar  dam,  100  feet  high  above  stream  bed,  will  hold 
6,480  acre-feet.  It  is  believed  that  the  Juncal  reservoir  site  alone  will 
not  furnish  an  adequate  water  supply  to  the  city,  but  when  used  in 
connection  with  other  reservoir  sites  having  greater  drainage  areas 
above  them  it  may  be  of  value.  The  drainage  area  above  the  Juncal 
is  but  13.4  square  miles,  not  23i  square  miles  as  reported  upon  previ- 
ously by  other  engineers.  The  length  of  a  dam  200  feet  high  at  the 
Juncal  would  be  550  feet  on  top,  and  a  100-foot  dam  would  be  272  feet. 

Mr.  Purslow  estimated  that  the  cost  of  building  a  100-foot  dam  and 
a  riveted-steel  pipe  line  (which  latter  must  be  considered  as  temporary 
construction)  to  Santa  Barbara  would  be  $282,450.  He  also  states 
that  the  run-off  from  the  drainage  basin  of  the  Juncal  was  measured 
in  the  winter  of  1895-96  and  that  it  amounted  to  2,455  acre-feet.  On 
the  other  hand,  it  is  estimated  in  this  report  (see  p.  53)  that  the  run- 
off of  the  Juncal  in  1895-96  was  only  520  acre-feet  from  13  square 
miles — a  figure,  therefore,  apparently  overconservative.  However, 
there  probably  was  a  flood  in  January,  1896,  as  the  rainfall  for  that 
month  was  6.84  inches  at  Santa  Barbara  and  probably  9  inches  in  the 
drainage  basin  of  the  Juncal.  This  may  have  produced  a  rather 
abnormal  flood  condition.     As  Mr.  Purslow  gives  no  details  of  his 
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work,  not  even  the  length  of  time  of   his  observations,  his   results 
can  not  be  accepted  as  conclusive. 

Mr.  Wright  states  that  the  rock  at  this  dam  site,  which  is  quite 
similar  to  the  formation  prevailing  throughout  this  region,  weighs  149 
pounds  per  cubic  foot.  In  this  estimate  this  rock  has  been  considered 
as  weighing  150  pounds  per  cubic  foot,  as  determined  at  various  points 
along  the  Coast  Range  by  geologists.  Masonry  work  made  therefrom 
is  taken  to  weigh  143  pounds  per  cubic  foot. 

MAIN  BITEB  SITE. 

The  Main  River  reservoir  site  was  investigated  by  Mr.  Purslow. 
This  also  was  surveyed  by  W.  B.  Clapp  for  the  Geological  Survey. 
We  find  that  a  dam  65  feet  in  height  would  have  a  storage  capacity 
of  1,311,000  gallons,  or  4,023  acre-feet,  to  the  65-foot  flow  line.     Figs. 


Fig.  2.— Main  River  reecrvoir  site. 


2  and  3  show  the  reservoir  and  dam  sites.  The  Mono  reservoir 
site  with  water  held  to  the  75-foot  level  would  have  a  capacity  of 
3,968  acre-feet.  The  Main  River  dam,  however,  would  contain  very 
much  more  masonry  and  be  more  expensive  than  the  Gibraltar  or 
the  Mono  dam.  A  dam  75  feet  high  at  the  Main  River  site  would 
be  592  feet  long  on  top  and  427  feet  long  on  the  base.  At  the  Mono 
dam  site  a  dam  75  feet  high  would  be  277.5  feet  long  on  top  and 
150  feet  long  at  the  bottom.  The  Gibraltar  is  still  more  favorable. 
With  an  85-foot  rock-fill  dam  at  the  Mono  the  cost  per  acre-foot 
of  capacity  is  $36,  while  at  the  Main  River  site  with  a  65-foot  con- 
crete dam  the  cost  is  about  $154  per  acre-foot  of  capacity,  depend- 
ing on  depth  of  bed  rock. 
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Mr.  Purslow  states  that  it  would  require  a  tunnel  15,500  feet  long 
to  pass  through  the  Santa  Ynez  Range  to  the  coast  side  and  that 
the  estimated  cost  of  developing  this  work  would  be  $557,000.  It 
is  believed  that  a  shorter  location  can  be  found.  The  width  of 
canyon  covered  by  debris  at  the  Main  River  dam  site  is  so  great 
and  the  depth  to  bed  rock  so  uncertain  that  it  is  impossible  to  give 
even  an  approximate  estimate  of  the  cost  of  this  dam.  It  must  be 
of  masonry,  as  it  will  have  to  be  an  overflow  weir.  If  bed  rock  is 
taken  as  25  feet  below  the  bed  of  the  creek,  it  may  cost  $620,000 
for  the  dam  alone. 


Contour  interya/ 10  f^et 
FiQ.  3.— Main  Kiver  dam  8it«. 


The  effort  has  not  been  made  in  this  report  to  go  into  the  details 
of  these  estimates  of  cost  for  the  Main  River  and  Juncal  reservoir 
sites.  The  reservoir  sites  are  owned  by  the  Santa  Barbara  City 
Water  Company.  It  is  believed,  however,  that  if  the  city  of  Santa 
Barbara  constructs  a  tunnel  through  the  Coast  Range,  in  order  to 
lead  the  water  from  the  lower  reservoir  sites  to  the  city,  the  con- 
struction by  some  one  of  the  Juncal  or  Main  River  reservoir  sites 
may  ultimately  follow.  This  tunnel  is  a  very  large  element  in  the 
cost  of  the  work,  and  will  require  by  far  the  greater  lehgth  of  time 
to  construct.  It  must  be  so  located  as  to  permit  the  water  from 
all  the  sites  to  be  led  through  it  by  gravity  to  the  coast,  and  its 
capacity  must  be  sufficient  to  accommodate  all  of  the  water. 
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Table  15. — Area  and  contents  of  Main  River  reservoir. 
[Survey  by  W.  B.  Clapp.] 


Contour. 

1,460 
1,470 
1,480 
1,490 
1,500 
1,510 
1,520 
1,530 
1,540 

Acres. 

'^^J^If.nS^  '  Total  acre-feet 
'  Zu^        i     to  contour. 

1 

Capacity  in 

nul lions  of 

gallons. 

0.33 

t 

2.68 

14.38 

30.45 

71.59 

120.19 

154.69 

187.66 

222.06 

15.05    ,           15.  a5 

85.30    1         100.35 

224.15    !        324.50 

510. 20            834. 70 

958.90         1,793.60 

1,374.40         3,168.00 

1,711.75         4,879.75 

2,048.60         6,928.35 

5 

33 

106 

272 

581 

1,032 

1,590 

2,a57 

6,928.35     

i                                  1 

75-foot  flow-line  capacity =5,904 .05  acre-foot. 
Depth  of  bed  rock  unknown. 


Contour  inUrvmt  2d^ci 


Fig.  4.— Mono  reservoir  site. 
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BLUE  CANTON  SITK. 

The  Blue  Canyon  reservoir  site  is  situated  in  what  is  known  as 
Blue  Canyon,  which  discharges  into  the  Santa  Ynez  a  short  dis- 
tance above  the  Main  River  reservoir  site.  It  is  a  good  reservoir 
site,  but  as  the  drainage  basin  is  only  8  square  miles  it  is  not  con- 
sidered feasible  to  fill  it  from  its  tributary  natural-water  supply. 
The  Blue  Canyon  reservoir  site  is  between  Santa  Ynez  River  and 
the  crest  of  Santa  Ynez  Mountains.  The  length  of  tunnel  from  this 
reservoir  site  to  the  coast  side  would  be  10,500  feet.  To  fill  it  from 
Santa  Ynez  River,  in  addition  to  building  this  long  tunnel,  would 
be  too  expensive  a  prop(Jsition  to  justify  the  construction. 

MONO  KITE. 

A  detailed  and  careful  survey  was  made  of  the  Mono  reservoir 
and  dam  site  by  Mr.  W.  B.  Clapp,  of  the  hydrographic  branch  of 
the  Geological  Survey.  Fig.  4  shows  the  results  of  these  sur- 
veys, and  PI.  IV,  fi,  is  a  view  of  the  site.  The  following  table  gives 
the  capacity: 

Table  16. — Area  and  contents  oj  the  Mono  reservoir  site, 
[Survey  by  W.  B.  Clapp.] 


Contour. 

Area  in 
acres. 

('apacity  in 
acre-feet  be- 
tween con- 
tours. 

Total  capacity 
in  acre-feet. 

Capacity  in 

millions  of 

gallons. 

1,4-10.0 
1,450.0 
1,460.0 

1,461.2 

0 

1.2 

10.6 

«94.0 

59.0 
209.0 

00.0 
174.0 
580.0 
1,186.0 
2,033.0 
3, 150.  5 
4, 597.  5 
6,415.0 
8,669.5 

1,470.0 

31.2 

57 

189 

386 

662 

1,026 

1,498 

2,090 

2,825 

1,480.0 
1,490.0 
1,500.0 
1,510.0 
1,520.0 
1,530.0 
1,540.0 

49.9 
71.3 
98.1 
125.4 
164.0 
199.  5 
251.4 

406.0 
606.0 
847.0 
1,117.5 
1,447.0 
1,817.5 
2,254.5 

«« Below  outlet. 

Total  capacity  in  acre-feet 8, 763.  5 

Capacity  below  outlet 94. 0 

Capacity,  above  outlet 8, 669.  5 

Elevation  of  creek  bed 1 ,  440. 0 

Elevation  of  outlet 1,461.2 

Depth  of  bed  rock  unknown. 
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This  reservoir  site  has  tributary  to  it  a  drainage  area  of  119  square 
miles.  The  creek  passes  first  through  a  large  flat  and  then  through 
a  narrow  gorge.  It  is  an  unusually  good  reservoir  site  for  southern 
California,  but  the  dam  site  is  poor.  If  the  tunnel  which  the  city 
is  now  running  is  continued  at  a  grade  of  one-tenth  of  a  foot  rise  to 
100  feet  horizontal,  the  elevation  of  the  north  portal  of  the  tunnel 
on  the  datum  plane  that  has  been  used  will  be  1,457.2  feet.**  We 
may  assume  that  a  conduit  leading  from  the  reservoir  site  to  the 
portal  of  the  tunnel  would  descend  approximately  4  feet  in  grade, 
giving  an  approximate  elevation  of  the  outlet  from  the  reservoir 
as  1,461.2  feet,  or  21.2  above  the  bed  of  the  stream  at  the  reservoir 
site.  This  is  not  of  material  consequence,  as  it  is  usually  the  case 
with  reservoir  sites  that  the  first  20  or  30  feet  above  the  bed  of  the 
stream  at  the  dam  site  has  very  Umited  storage  capacity.  Thus 
the  total  storage  capacity  to  the  100-foot  flow  line  at  the  Mono 
reservoir  site  is  8,763.5  acre-feet  and  the  capacity  below  the  outlet 
is  but  94  acre-feet,  so  that  the  net  capacity  above  this  outlet  with  a 
100-foot  dam  would  be  8,669.5  acre-feet,  or  99  per  cent  of  the  total. 


DISCHARGE. 


Measurements  of  the  flow  of  the  Mono  during  the  winter  of  1902-3 
were  made  daily,  and  the  discharge  for  the  season  was  found  to  be 
as  follows: 


Table  17 .—Estimated  monMy  discharge  of  Mono  Creek  at  the  dam  site  for  season  of  1902-3. 

[From  d&{ly  meaauroments.] 


,  Acre-feet. 


July 

August 

September, 
October. .. 
November 
December. 


0 
0 
0 
0 
173 
12 


January  . . 
February  , 
March  — 

April 

May 

June 


Season 


1903. 


Aore-fect. 


676 
389 
1,845 
4,820 
799 
220 


8,934 


The  mean  rainfall  at  Santa  Barbara  is  16.78  inches;  for  the  last 
season  it  was  20.45  inches.  Although  the  precipitation  was  in 
excess  of  the  mean,  the  rainfall  was  not  deUvered  in  such  manner 
as  to  produce  large  stream  discharge  and  in  the  opinion  of  local 
residents  the  streams  were  below  normal.  The  five  preceding  years 
were  all  below  the  mean  in  precipitation,  so  that  a  larger  portion  of 
the  water  than  usual  was  absorbed  by  the  ground.     These  measure- 

n  For  more  detailed  statement,  see  p.  40. 
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ments  of  the  streams  should  be  continued  so  that  the  height  of  dam 
may  be  intelligently  proportioned  to  the  probable  water  supply. 
(See  table  12,  p.  53,  showing  eitimated  volumes  of  flow  annually.) 

CONTENTS   AND  COST  OF   DAMS. 

Two  types  of  dam  for  the  Mono  site  have  been  considered.  The 
rock  on  the  sides  of  the  canyon  at  this  dam  site  is  sandstone  and 
shale,  the  stratification  being  practically  vertical  and  the  strike  at 
right  angles  to  the  direction  of  the  stream  flow.  PI.  IV,  ^,  shows 
the  character  of  this  rock  at  the  left  abutment,  which  is  the  best. 
It  weighs  approximately  150  pounds  to  the  cubic  foot,  and  could  be 
quarried  in  sizes  and  forms  suitable  for  the  work  on  the  dam.  The 
abutments  are  much  better  at  the  Mono  dam  site  than  at  the  Main 
River  dam  site,  but  not  so  good  as  at  the  Gibraltar.  Spillway 
opportunities  occur  at  the  right  abutment  for  the  accommodation 
of  flood  discharges  when  the  reservoir  may  happen  to  be  full.  The 
dam  is  considered  in  each  instance  to  be  10  feet  above  the  elevation 
of  its  spillway,  so  as  to  prevent  the  water  overtopping  the  structure. 
The  depth  to  bed  rock  is  not  known.  The  most  serious  item  in 
connection  with  the  construction  of  the  dam  is  probably  the  trans- 
portation of  supplies  and  materials  to  the  site.  In  case  the  dam 
should  be  a  cement,  masonry,  or  concrete  structure  there  would  be 
a  large  amount  of  cement,  which  is  a  heavy  material,  to  be  hauled 
to  the  reservoir  site.  The  masonry  dam  is  believed  to  be  the  better 
form  of  construction,  but  because  of  considerations  of  economy  the 
cost  of  the  rock-fill  type  of  dam  has  been  computed. 

These  suppUes  for  a  rock-fill  dam  would  probabW  be  hauled  by 
teams  up  Santa  Ynez  River  from  the  end  of  the  railroad  at  Ballard, 
a  distance  of  40  miles,  or  possibly  through  the  tunnel  when  it  is  com- 
pleted. The  wagon  road  would  be  poor  for  the  last  10  miles,  but 
the  grades  easy.  In  the  original  estimate  for  this  dam  made  for 
the  city  of  Santa  Barbara  all  material  was  considered  as  hauled 
by  wagon  to  the  dam  site  for  both  forms  of  structure.  Since  then 
(January  1,  1903)  the  manufacture  of  native  cements  has  reduced 
the  price  of  this  constituent  materially. 

The  rock-fill  may  be  the  better  type  for  this  point  because  of  its 
greater  economy.  As  the  volume  of  material  that  would  have  to 
be  brought  in  for  construction  purposes  would  be  relatively  small 
as  compared  with  a  masonry  dam,  it  probably  would  not  be  advisable 
to  provide  for  transportation  through  the  tunnel  for  it,  as  would 
be  necessary  if  a  masonry  dam  were  built.  The  estimates  are  there- 
fore made  upon  this  assumption.  Fig.  5  shows  a  plan  for  a  110-foot 
rock-fill  dam  and  fig.  6  a  plan  for  a  subsidiary  earthen  dam. 
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900  feet 


Contour  interval  lO  f&ct 
Fio.  5.— Mono  dam  site,  showing  110-foot  iooee-rock  dam. 


Fia.  G.— Mono  dHni  site,  showing  plan  of  subsidiary  earth  dam  for  110-foot  loose-rock-fill  dam. 
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All  engineers  connected  with  these  investigations  have  declared 
that  it  is  quite  necessary,  before  preparing  an  accurate  report  and 
estimate  on  the  reservoir  sites,  to  know  the  position  of  bed  rock 
at  the  place  where  the  structure  is  to  rest,  and  have  recommended 
that  these  explorations  should  be  carried  out  in  connection  with 
this  present  investigation.  It  has  been  found  impossible,  however, 
at  this  writing,  to  supply  the  funds  to  make  this  examination,  and 
consequently  the  estimate  must  be  taken  with  latitude  in  this  regard. 


Contour  interval  5  feet 
Pig.  7.— Mono  dam  site,  showmg  [)lan  for  llO-foot  concrete  dam. 

In  the  case  of  the  rock-fill  dam,  it  could  rest  properly  and  safely 
upon  the  present  bowlder-covered  bed  of  the  canyon,  but  it  would 
be  necessary  to  carry  down  to  bed  rock  on  the  upper  slope  an  apron 
wall  to  cut  off  the  underflow  beneath  the  dam.  This  wall  would 
be  connected  with  a  portion  of  the  apron  of  the  dam  above  ground 
in  order  to  make  it  completely  tight.  It  should  be  8  feet  thick  at 
its  base  and  4  feet  thick  on  top  at  the  ground  surface,  so  that  for  a 
ioose-rock  dam  there  would  npt  be  a  great  quantity  of  material  to 
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be  removed  from  the  bed  rock,  and  the  amount  of  cement  used  would 
be  small 

In  the  case  of  a  concrete  or  masonry  dam,  however,  the  whole 
structure  would  have  to  go  down  to  the  bed-rock  foundation,  which 
would  have  to  be  exposed  and  thoroughly  cleaned.  In  estimating 
on  the  concrete  dam  it  has  been  assumed  that  bed  rock  for  the 
entire  width  of  the  canyon  is  20  feet  beneath  the  surface  of  the 
ground.  At  a  point  some  200  or  300  feet  below  the  dam  site  a  ledge 
of  material  projecting  well  out  into  the  canyon,  over  which  the  stream 
flows,  has  the  appearance  of  being  bed  rock  or  ledge  matter  in  place. 
It  is  not  known,  however,  whether  it  extends  completely  across  the 
stream. 

An  85-foot  rock-fill  dam  at  the  Mono  reservoir  site  would  contain 
75,480  cubic  yards  of  loose  rock,  which,  it  is  considered,  could  be 
quarried  from  cliffs  that  are  favorably  situated  for  $1  per  cubic 
yard.  Each  yard,  so  thrown  into  the  fill,  would  make  If  yards  of 
fill;  consequently  a  figure  of  60  cents  per  cubic  yard  has  been 
accepted.  A  dr}^-laid  wall  2  feet  in  thickness  on  the  upper  face  of 
the  dam  is  provided  for,  upon  which  the  asphalt-concrete  apron  will 
be  laid.  The  upper  toe  wall  is  carried  down  to  bed  rock  in  the 
bed  of  the  stream,  4  feet  thick  on  top,  8  feet  at  base,  and  20  feet  high. 
On  the  sides  of  the  dam  this  wall  is  also  estimated  upon  to  seal  the 
asphalt-concrete  to  the  abutments.  The  asphalted  concrete  will 
be  put  on  li  feet  thick,  of  broken  stone,  gravel,  sand,  and  asphalt, 
the  latter  being  brought  from  quarries  on  the  lower  Santa  Ynez. 
The  section  of  this  dam  will  be  20  feet  wide  on  top,  with  a  very 
flat  slope  of  li  feet  horizontal  to  1  foot  vertical  on  the  upper  face 
and  l{  feet  to  1  foot  on  the  lower  face.  This  flat  slope  is  given  to 
the  upper  face  so  that  there  will  be  no  movement  in  the  asphalt 
apron.  The  asphalt  also  would  be  rammed  into  the  crevices  of  the 
dry-laid  wall  on  which  it  rests. 

The  spillway  provisions  are  of  vital  importance  in  a  rock-fill  dam. 
The  maximum  flood  that  was  ever  measured  on  Sweetwater  River 
since  the  dam  was  constructed  there,  some  fifteen  years  ago,  was  98 
cubic  feet  per  second  for  each  square  mile  of  the  drainage  basin.  A 
flood  discharge  of  Piru  Creek  was  measured  at  Henderson's  ranch  on 
December  18, 1894,  of  43  cubic  feet  per  second  per  square  mile  of  drain- 
age area.  On  Arroyo  Seco,  a  tributary  of  the  Salinas  in  Monterey 
County,  on  November  21,  1900,  a  flood  of  140  second-feet  per  square 
mile  was  observed.  The  rainfaU,  however,  in  the  drainage  basin 
of  Arroyo  Seco  is  exceedingly  heavy.  For  the  purposes  of  this  report 
we  have  assumed  a  flood  of  130  second-feet  per  square  mile  of  drain- 
age area,  or  a  total  flood  discharge  of  15,470  second-feet,  filling  the 
spillway  to  within  3  feet  of  the  top  of  the  dam.  Before  the  spillway 
would  be  filled  to  the  top  of  the  dam  the  flood  would  have  reached 
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26,420  cubic  feet  per  second,  or  222  second-feet  per  square  mile  of 
drainage  basin.  The  spillway  would  be  251  feet  long  and  the  bottom 
of  it  would  be  10  feet  below  the  crest  of  the  dam.  It  would  be 
excavated  from  the  rock  at  the  right  abutment  of  the  dam. 

A  20-inch  pipe  has  been  estimated  upon,  leading  from  the  Mono 
reservoir  site  to  the  intake  of  the  long  tunnel  through  Santa  Ynez 
Range  of  mountains.  The  aggregate  cost  of  reservoir  and  pipe  line 
to  long  tunnel  is  $140,700,  or  $36  per  acre-foot  of  capacity. 

In  estimating  upon  the  length  of  tunnel  line  through  the  Coast 
Range  to  this  reservoir  site  we  have  accepted  the  present  tunnel  site 
and  assumed  that  the  tunnel  is  to  be  completed  on  an  angle  line, 
or  in  such  manner  as  to  avoid  the  property  of  all  owners  other  than 
the  city  of  Santa  Barbara.  On  this  basis  there  would  still  be  15,006 
linear  feet  of  tunnel  to  run,  at  an  estimated  cost  of  $12  per  linear 
foot. 

Estimate  for  85-foot  rock-fW,  dam  at  Mono  reservoir  site, 

[Capacity  3,880  acro-feot.] 

DAM. 

75,480  cubic  yards  of  loose  rock,  at  60  cents  per  yard $45, 288 

2,500  cubic  yards  of  dry-laid  wall  (upper  face ),  at  $1  (extra) 2, 500 

Upper  toe  and  side  wall  to  bed  rock 16, 500 

Asphalt-concrete  face  1 J  feet  thick,  1,861.2  cubic  yards,  at  $8 14, 890 

Outlet  tunnel,  gates,  and  tower 10, 000 

Spillway 20,000 

Clearing  reservoir 2, 460 

20-mch  pipe  line  to  long  tunnel  7,000  feet  from  reservoir,  capacity 

189  inches 10,710 

Engineering,  5  per  cent 6, 1 17 

Contingencies,  10  per  cent 12, 235 

Total  ($36  per  acre-foot ) SI  40, 700 

TUNNEL. 

15,006  linear  feet  of  tunnel  through  Santa  Ynez  Range,  via  angle  line, 

at  $12  per  foot $180,072 

Road  up  Santa  Ynez  River 5, 000 

Engineering,  5  per  cent 9, 254 

Contingencies,  10  per  cent 18, 507 

Total 212,833 

Grand  total 353,533 

An  estimate  is  also  presented  of  the  cost  of  building  a  rock-fill 
dam  at  the  Mono  to  an  elevation  of  110  feet  above  the  bed  of  the 
stream,  impounding  the  water  to  the  100-foot  flow  line.  The  con- 
ditions would  be  the  same  for  the  construction  of  this  dam  as  in 
the  case  of  the  85-foot  dam,  except  that  a  second  small  earthen 
dam  would  have  to  be  built  to  close  another  opening;  this  is  referred 
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to  as  the  subsidiary  dam.  With  the  rock-fill  type  of  dam  it  would 
be  quite  feasible  to  increase  the  height,  raising  the  dam  to  such  new 
elevation  as  might  be  desired. 

Estimate  for  a  110-joot  rock-fiU  dam  at  Mono  reservoir  siU, 

[Capacity  8,670  acre-feet,  290  miner's  inches  constant  Qow.] 

142,535  cubic  yards  of  loose  rock,  at  60  cents  per  yard $85, 521 

3,733  cubic  yards  of  dry-laid  wall,  at  $1  (extra) 3, 733 

Upper  toe  and  side  walls 18, 099 

Asphaltrconcrete  face  1  i  feet  thick,  2,772  cubic  yards,  at  $8 22, 176 

Outlet  tunnel,  gates,  and  tower 10, 000 

Spillway 20,000 

Clearing  reservoir,  257  acres,  at  $15 3, 855 

Pipe  line  to  long  tunnel,  7,000  linear  feet,  capacity  366  inches 12,880 

25,745  cubic  yards  earth  in  subsidiary  dam 7, 724 

Engineering,  5  per  cent 9, 199 

Contingencies,  10  per  cent 18, 399 

Total  ($24.40  per  acre-foot) $211,586 

Tunnel  through  Santa  Ynez  Mountains,  as  above 212, 833 

Grand  total 424,419 

An  estimate  is  also  given  for  a  masonry  dam  85  feet  high  at  the 
Mono  reservoir  site.  This  dam  would  be  12  feet  wide  on  top,  with  a 
slope  of  2  to  1  on  the  lower  side  and  20  to  1  on  the  upper  side.  The 
masonry  would  be  made  of  hydraulic  cement,  which  would  be  hauled 
through  the  finished  tunnel.  The  outlet,  tower,  spillway  provisions, 
and  clearing  reservoir  would  be  the  same  as  in  the  case  of  the  rock-fill 
dam.  The  total  cost  of  a  dam  of  this  class,  including  the  20-inch  pipe 
line  to  the  long  tunnel,  would  be  $361,690,  or  $93  per  acre-foot  of 
storage  capacity.  It  thus  will  be  seen  that  the  masonry  dam  85  feet 
high  would  cost  2.6  times  what  the  loose-rock  dam  would  cost. .  This 
is  because  the  latter  would  be  built  of  material  at  hand. 

Estimate  for  SB-joot  masonry  dam  at  the  Mono  reservoir  site, 

[Capacity,  3,880  acre-feet.] 

6,612  cubic  yards  masonry  below  surface  of  ground,  at  $15  (includes 

excavation) $99, 180 

22,955  cubic  yards  masonry  above  ground 172, 163 

Total  for  dam  proper $271, 343 

Outlet  tunnel,  gates,  and  tower 10, 000 

Spillway 20,000 

Clearing  reservoir .- 2,  460 

7,000  feet  of  20-inch  conduit,  capacity  189  inches 10, 710 

Engineering,  5  per  cent 15, 726 

Contingencies,  10  per  cent 31 ,  451 

Total 361,690 

Cost  per  acre-foot  of  capacity,  $93. 
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QUICKSILVER   MINE  DAM   SITE.   RIGHT  ABUTMENT. 
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A  site  called  the  Quicksilver  mine  reservoir  site  was  discovered 
about  4  miles  below  the  mouth  of  the  Mono.     At  this  point  the  river 


Contour  tntenfofiO  f^t 

Fio.  8.— Quicksilver  mine  reaervoir  site. 


passes  through  a  rather  narrow  canyon  of  shale  rock,  shown  in  PI.  VI. 
The  site  itself  is  shown  in  PL  VII.     The  capacity  of  this  reservoir  is 


Contour  inters/  30  foot 

Fio.  9.  -Quicksilver  mine  dam  site. 


large,  but  the  dam  site  is  not  satisfactory  because  of  the  absence  of 
suitable  building  material,  and  also  on  account  of  the  character  of 
the  abutments.     Figs.  8  and  9  show  the  reservoir  and  dam  sites. 


Digitized  by  VjOOQIC 


80 


WATER    PROBLEMS    OF   SANTA    BARBARA,   CAL. 


[NO.  116. 


Water  impounded  to  a  depth  of  100  feet  in  this  reservoir  would  be 
flooded  back  a  short  distance  into  the  Mono  and  up  tne  Santa  Ynez 
above  the  mouth  of  the  Mono.  The  following  is  a  table  of  the  capacity 
of  this  reservoir. 

Table  18. — Capacity  of  Quicksilver  mine  reservoir  site. 


Average  area 
in  acres. 

Capadty^in  acre-feet. 

Contour. 

Area  in 
acres. 

Between  con- 
tours. 

Total  to  con- 
tours. 

1,300 

0.57 

3.70 

37.0 

37.0 

1,310 

6.83 

12.05 

120.5 

157.5 

1,320 

17.28 

26.15 

261.5 

419.0 

1,330 

35.01 

45.66 

456.6 

875.6 

1,340 

56.31 

74.02 

740.2 

1,615.8 

1,350 

91.73 

112.07 

1,120.7 

2,736.5 

1,360 

132.42 

143.55 

1,435.5 

4,172.0 

1,370 

154.69 

172. 71 

1,727.1 

5,899.1 

1,380 

190.74 

212. 15 

2,121.5 

8,020.6 

1,390 

233.56 

255.69 

2,556.9 

10,577.5    1 

1.400 

277.82 



1 

The  Quicksilver  mine  reservoir  site,  while  of  satisfactory  capacity, 
is  not  considered  a  feasible  proposition  because  of  the  character  of 
the  dam  site. 


eiBBALTAB  SITE. 


DI8CHAROK. 

The  Gibraltar  reservoir  site  is  situated  6  miles  below  the  mouth  of 
Mono  Creek  on  Santa  Ynez  River.  The  drainage  area  tributary  to  it 
includes  all  of  the  Mono,  the  main  river  above  the  Mono,  and  17 
square  miles  additional.  The  discharge  as  estimated  from  the  rain- 
fall for  the  seasons  from  1867-68  to  1903-4,  inclusive,  is  shown  in 
table  12  (see  p.  53),  and  as  measured  **  for  1902-3  in  table  13  (see 
p.  54).  From  these  it  appears  that  the  discharge  is  from  1.8  tb  2.4 
times  as  great  as  that  of  the  Mono. 

CONTENTS  AND  COST  OF  DAMS. 

The  reservoir  site,  which  is  shown  in  fig.  10,Ues  along  a  narrow,  can- 
yon-like valley  with  a  light  grade.  The  dam  site  is  a  rather  peculiar 
and  unusual  one.  An  anticlinal  fold  of  sandstone,  apparently  uplifted 
through  the  shales,  has  been  cut  by  the  river  in  a  narrow  gorge,  as 
shown  in  PI.  VIII,  A  and  B.    The  crest  of  this  fold  is  almost  level  and 


«  Partly  estimated. 
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A.     GIBRALTAR   DAM  SITE,   LOWER  END  OF  GORGE. 
View  upstream. 


B.     GIBRALTAR   DAM   SITE,   UPPER   END  OF  GORGE  AT   PROPOSED  AXIS  OF   DAM. 
View  downstream.     Stream  turns  abruptly  to  the  left.     The  spil.way  s-te  is  over  the  crest  on  the  left. 
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is  approximately  150  feet  above  the  bed  of  the  stream,  so  that  a  dam 
built  slightly  higher  than  the  crest,  or,  say,  155  feet,  will  have  the 
advantage  of  a  natural  spillway  of  great  length  on  the  side  away  from 
the  dam  and  over  solid  rock.  This  is  the  only  dam  site  that  has  been 
found  in  the  upper  portions  of  wSanta  Ynez  River  where  the  abutments 
are  of  a  satisfactory  nature  and  where  the  building  material  could  be 
gotten  out  in  such  sizes  and  shapes  as  may  be  desirable  for  the  con- 
struction of  any  type  of  dam. 


Fio.  10.— Gibraltar  reservoir  site. 

A  determination  of  the  specific  gravity  of  this  rock  has  been  made 
by  weighing  the  rock  first  in  air  and  then  in  water,  which  gave  a 
specific  gravity  of  2.56.  Four  tests  were  made,  ranging  from  2.55  to 
2.57.  This  is  equivalent  to  a  weight  of  160  pounds  per  cubic  foot. 
In  rubble  masonry,  one-third  of  the  bulk  being  mortar  and  two-thirds 
solid  rock,  and  the  mortar  being  considered  as  weighing  103  pounds, 
the  weight  would  be  140  pounds  per  cubic  foot  of  masonry  in  dam. 

The  ledges  are  in  such  a  position  as  to  permit  a  most  economical 
handling  of  material  for  masonry  construction. 
IRR  116—05 6 


Digitized  by  VjOOQIC 


82 


WATER   PROBLEMS   OP   SANTA    BARBARA,  CAL. 


[MO.  116. 


Table  18a. — Capacity  of  OibraUar  reservoir  tile. 
[Elevation  of  surface  of  stream  bed,  1,215  feet.] 


Area  in 
acres. 

Average  area 
in  acres. 

Capacity  in  acre-feet. 

Contour. 

Between  con- 

tOUXB. 

Total  to  ooD- 
tours. 

1,215 

0 
2.12 

1,220 

1,230 

5.74 

3.93 

39.3 

39.3 

1,240 

13.26 

9.50 

95.0 

134.3 

1,250 

22.67 

17.97 

179.7 

314.0 

1,260 

32.37 

27.52 

275.2 

589.2 

1,270 

50.11 

41.24 

412.4 

1,001.6 

1,280 

66.24 

58.17 

581.7 

1,583.3 

1,290 

90.06 

78.15 

781.5 

2,364.8 

1,500 

119.62 

104.84 

1,048.4 

3,413.2 

1,310 

152.74 

136.18 

1,361.8 

4,775.0 

1,320 

188.33 

170.53 

1,705.3 

6,480.3 

1,330 

227.13 

207.73 

2,077.3 

8,557.6 

1,340 

271.39 

249.26 

2,492.6 

ll,a'50.2 

1,345 

296.64 

284.01 

1.420.0 

12,470.2 

l,a50 

332.75 

314. 70 

1,573,5 

14  043.7 

1,355 

367.07 

349.91 

1,749.6 

15,793.3 

Table  19  shows  the  volumes  of  material  for  a  rock-fill  dam  situ- 
ated at  the  Gibraltar  reservou-  site,  the  upper  slope  to  be  1)  to  1,  the 
lower  slope  1 J  to  1,  the  width  on  top  20  feet,  and  the  height  of  dam 
155  feet,  or  10  feet  above  the  level  of  the  spillway.  The  top  of  the 
crest  is  taken  to  be  at  the  1,360-foot  contour.  Bed-rock  conditions 
are  unknown,  but  for  the  purpose  of  this  estimate  are  assumed  to  be 
at  1,205  feet.  Repeated  efforts  were  made  to  provide  for  an  explora- 
tion of  bed  rock  at  this  dam  site,  but  owing  to  financial  condi  ions 
and  negotiations  for  the  purchase  of  the  property  by  the  city  of 
Santa  Barbara  it  was  not  possible  to  arrange  for  this.  The  capacity 
with  this  dam  to  the  1,350-foot  contour  in  the  reservoir  would  be 
14,044  acre-feet.     Fig.  11  shows  the  plan  for  a  155-foot  rock-fill  dam. 

In  the  tal)le  7,444  cubic  yards  are  deducted  from  the  total  esti- 
mated volume  in  the  dam,  as  the  rock  fill  will  go  down  only  to  the 
1,210-foot  contour,  except  where  the  toe  walls  are  located,  where  they 
are  assumed  to  go  as  low  as  the  1,205-foot  contour.  The  excavation 
of  the  spillway  is  taken  at  1 ,250  cubic  yards,  which  of  course  would 
be  used  in  the  construction  of  the  dam.     The  spillway  could  probably 
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be  made  much  wider,  if  desired,  in  excavating  the  material  for  the 
dam.     In  this  estimate  it  is  taken  as  350  feet  in  width. 

A  dam  of  this  type  is  considered  as  having  12,083  cubic  yards  in 
asphalt-concrete  face  and  dry-laid  wall,  this  face  to  be  put  on  as 
indicated  in  the  drawing  and  to  be  covered  by  the  dry-laid  wall,  to 


Fio.  11.— Gibraltar  dam  site,  showing  plan  for  155-foot  rock-fill  dam. 

protect  it  from  the  sun,  so  as  to  prevent  the  movement  of  the  asphalt. 
If  this  volume  is  deducted  from  the  total  yardage  given  in  the  dam, 
in  addition  to  the  deduction  mentioned  above  on  account  of  the  rock- 
fill  dam  not  going  down  to  bed  rock  for  its  entire  length,  the  net 
volume  of  rock  fill  will  be  233,724  cubic  yards. 
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Table  19. — Volume  in  rockfiU  dam  at  OibraUar  dam  «ite.« 
f Capacity  to  1,350-foot  contour,  14,044  acre-feet.] 


[no.  116. 


Contour. 


61,2a5 
1,210 
1,220 
1,230 
1,240 
1,250 
1,260 
1,270 
1,280 
1,290 
1,300 
1,310 


1 
Volume  be-     [                              Volume  be- 
tween contours        Contour.       twccn  contours 
in  cubic  yards.                              in  cubic  yards. 

1,320 

15,231 

13,194 

10,916 

8,148 

4,796 

7,444 
14,713 
16,648 
19,805 

1          1.330 

1,340 

!          1,350 

;          1,360 

21,536 
22,185 
21.860 

Tot4il. 

Deduct  <^... 

Deduct  rf.. 
Net 

253,251 
7,444 

20,925 
19,981 

245,807 
12,083 

18,768 
17, 101 

233,724 

a  Contents  of  spillway  masonry  dam~l 
10  feet  down 


to  1  slope 
et  thick. 


feet  1 


,250  cubic  yards.    Spillway  dam,  S  feet  wide  on  top:  a  05 

on  upstream  face*  10  feet  down.  7  feet  thick;  15  feet  down,  9  feet  thick;  20  feet  down,  13 

Spillway  is  350  feet  in  width;  in  excavating  for  dam  it  may  be  made  wider,  the  limit  in 


ipetream  face; 
^pOlway  is  350  i 
width  being  the  limit  of  excavations. 


ft  Bed  rocK  as  estimated,  but  not  determined. 
0  Rock  fill  goes  only  to  l,210.foot  contour, 
rf  Asphalt  face  and  dry-laid  wall. 


The  hand-laid  facing  on  top  of  the  asphalt-concrete  is  estimated 
to  be  3 i  feet  thick  and  the  asphalt-concrete  IJ  feet,  covered  with 
an  impervious  layer  of  asphalt  two-tenths  of  a  foot  thick.  The  con- 
crete cut-off  wall  at  the  upper  toe  of  the  dam  is  estimated  as  90  feet 
long,  with  a  height  above  assumed  bed  rock  of  5  feet  and  a  thickness 
on  top  of  5  feet,  downstream  vertical,  upstream  with  a  slope  of  1  to  5 
and  a  thickness  at  base  of  6  feet. 

The  outlet  system  would  consist  of  a  tower  reaching  from  the 
1,220-foot  contour  to  the  1,360-foot  contour,  a  height  of  140  feet^ 
The  internal  diameter  of  the  tower  would  be  8  feet  at  top  and  the 
thickness  of  wall  2  feet  at  top  and  6  feet  at  bottom,  the  tower  stand- 
ing on  a  soUd  concrete  base  5  feet  thick  and  21  feet  in  diameter. 
Following  is  an  estimate  of  the  cost: 

Estimate  of  cost  of  IdS-Joot  rocJe-fiU  dam  at  original  site  of  Gibraltar  dam. 

Rock  fill,  233,724  cubic  yards,  at  60  cents $140,234.00 

Hand-laid  facing,  8,458  cubic  yards,  at  $1.60 13, 533.00 

Asphalt  and  concrete  facing,  3,625  cubic  yards,  at  $8 29, 000. 00 

Cutoff  wall 1,493.00 

Overflow  weir  and  subsidiary  dam,  1 ,250  cubic  yards,  at  $9 11, 250. 00 

Clearing  reservoir  site,  333  acres,  at  $25 8,325.00 
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Outlet  system: 

Tower,  911  cubic  yards,  at  $9.30 $8,472.00 

Inlet  pipes 460. 00 

Valve  rods 860.00 

Outlet  valves 1,000.00 

Outlet  tunnel,  1 ,000  feet,  at  $5 5, 000. 00 

Tower  house  and  bridge 500. 00 

Total  of  outlet  system $16,292.00 

220, 127. 00 

Contingencies,  10  per  c^nt 22, 012. 70 

Engineering,  5  per  cent 11 .  006. 35 

Total 253.146.05 

The  rock-fiU  dam  can  be  built  only  to  such  height  as  will  permit 
complete  spillway  opportunities  around  the  end  of  the  dam.  It 
is,  however,  feasible  to  build  a  masonry  dam  that  will  not  be  the 
full  height,  permitting  the  water  to  waste  over  the  top  of  the  dam 
during  different  stages  of  its  construction.  For  instance,  the  dam 
could  be  built  to  a  height  of  50  or  100  feet,  and  construction  stopped 
until  the  demands  or  desires  of  the  city  should  call  for  its  comple- 
tion; the  final  structure  could  then  be  built  to  its  ultimate  height 
of  approximately  155  feet.  When  the  dam  was  completed  to  its 
full  height  the  overflow  and  waste  water  could  then  be  directed 
through  the  spillways. 

If  such  a  dam  should  be  built  of  cyclopean  rubble  masonry  on  a 
gravity  section  and  also  on  a  curve,  the  top  would  stand  at  the  1,360- 
foot  contour.  The  estimate  given  below  is  based  on  bed  rock  being 
at  a  depth  of  5  feet  beneath  the  present  stream  bed,  but  it  is  not 
known  what  the  depth  actually  is,  and  the  final  estimates  might 
be  greatly  modified  by  these  conditions.  A  determination  of  this 
point  is  essential  before  beginning  the  construction  of  the  dam  and 
before  the  final  estimate  on  its  cost  can  be  made. 

Three  estimates  have  been  prepared  on  the  assumption  that  the 
dam  will  not  be  built  to  its  full  height  from  the  start.  These  are  for 
dams  95  feet  high,  with  a  capacity  of  3,413  acre-feet,  equivalent 
to  a  continuous  flow  of  4.715  second-feet,  or  236  miner's  inches  per 
annum;  125  feet  high,  with  a  capacity  of  8,558  acre-feet,  equivalent 
to  a  continuous  flow  of  11.82  second-feet,  or  591  miner's  inches  per 
annum;  and  155  feet  high,  with  a  capacity  of  15,793  acre-feet, 
equivalent  to  a  continuous  flow  of  21.81  second-feet,  or  1,090  miner's 
ittches  per  annum* 

These  estimates  of  discharge  are  on  the  assumption  that  the 
reservoir  would  be  filled  by  the  stream  every  year.  This,  however, 
can  not  be  done,  for  in  some  winters  there  will  be  little  more  addi- 
tion to  the  reservoir  than  enough  to  make  up  for  evaporation.  If 
it  is  assumed  that  the  155-foot  dam  is  built,  and  that  its  capacity  is 
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15,793  acre-feet,  and  that  tliis  will  have  to  furnish  the  supply  of 
water  for  nineteen  months,  the  yield  will  be  831  acre-feet  monthly; 
with  the  reservoir  half  full  the  monthly  loss  by  evaporation  would 
average  about  66  acre-feet,  leaving  765  acre-feet  monthly  for  dis- 
tribution during  the  dry  period,  or  a  continuous  flow  of  13  second- 
feet,  equivalent  to  650  miner's  inches,  or  8,400,000  gallons  daily. 
Putting  it  another  way,  the  flow  will  be  approximately  900  miner's 
inches  in  the  summer  time  and  400  miner's  inches  in  the  winter 
time.     Fig.  12  shows  a  plan  of  a  155-foot  masonry  dam. 


rv 


\ 


Cofttoyr/ntmrvti  ZO  /bet 
Fia.  12.— Gibraltar  dam  site,  showing  plan  for  155-foot  masonry  dam. 

With  the  lower  size  dam  the  surplus  water  is  considered  as  wasted 
over  the  top  of  the  dam,  and  the  dam  is  made  safe  on  the  gravity 
section  with  10  feet  of  water  passing  over  its  crest;  in  addition  it 
is  to  be  a  curved  dam.  These  same  conditions  will  obtain  with  a 
dam  125  feet  high.  The  155-foot  masonry  dam  is  designed  to  let 
the  surplus  water  pass  through  a  spillway,  the  water  standing  within 
5  feet  of  the  top  of  the  dam,  and  the  capacity  being  15,793  acre-feet. 
This  is  a  greater  capacity  than  that  for  the  155-foot  rock-fiU  dam, 
because  with  the  rock-fill  dam  greater  safety  in  spillway  capacity 
would  be  required,  and  this  type  would  have  to  be  built  at  least  10 
feet  above  the  level  of  the  spillway.  Figs.  13,  14,  and  15  give  sec- 
tions of  the  dams  considered.  In  the  estimates  masonry  weighing 
140  pounds  per  cubic  foot  is  used. 
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Fio.  IS.-'Bection  of  masonry  dam  for  Gibraltar  reservoir  based  on  concrete  weigliing  130  pounds  per 

cubic  foot. 
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Fio.  14.— Section  ol  masonry  overflow  weir  dam  based  on  masonry  weighing  140  pounds  p«r  cubic  foot. 

The  following  is  an  estimate  on  three  types  of  dams: 

Estimaie  oj  cost  of  95'jooi  masonry  overflow  dam  located  at  hwer  site  of  Gxbrtdtar  dam, 
[Capacity  3, 4 13  acre-f e«t .] 

Masonry,  15,331  cubic  yards,  at  $7 $107,317.00 

Excavation  to  bed  rock,  1,280  cubic  yards,  at  $2.50 3,200.00 

Clearing  reservoir,  120  acres,  at  $25 3, 000. 00 

Outlet  system,  tower,  gates,  tunnel,  etc 9, 971 .  00 

123,488.00 

Contingencies,  10  per  cent 12, 348.  80 

Ent^ineering,  5  per  cent.  .1 6, 174.  40 

Total 142,011.20 

Cost  per  acre-foot  of  capacity,  $41.61. 
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Fig.  !.'>.— Section  of  masonry  dam  based  on  masonry  weighing  140  pounds  per  cubic  foot. 

Estimate  of  cost  oj  125-looi  masonry  mrrflow  dam  located  at  lower  site  of  Gibraltar  dam. 

[Capacity  8..V»,s  acre-feet.] 

Masoniy,  27,971  cubic  yards,  at  $7 $195, 797. 00 

Excavation  to  bod  rock,  1 ,579  cubic  yards,  at  $2.50 3, 948. 00 

Clearing  reservoir,  227  acres,  at  $25 5, 675  00 

Outlet  system,  tunnel,  gates,  tower,  etc 13, 000. 00 


218,^20.00 
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Contingencies,  10  per  cent $21, 842. 00 

Engineering,  5  per  cent 10, 921. 00 

Total 261,183.00 

Cost  per  acre-foot  of  capacity,  $29.35. 

Estimate  of  cost  of  155-foot  masonry  dam  located  at  hnoer  site  of  Gibraltar  dam. 

Masonry  in  dam,  42,250  cubic  yards;  masonry  in  spiUway,  833  cubic  yards; 
masonry  in  protection  wall,  56  cubic  yards;  total  masonry,  43,139  cubic 

yards,  at  $7 $301,973.00 

Excavation  to  bedrock,  1,731  cubic  yards, at $2.60 4,328.00 

Clearing  reservoir,  350  acres,  at  $25 8,750.00 

Outlet  system,  tower,  gates,  tunnel,  etc 16, 292. 00 

331,343.00 

Contingencies,  10  per  cent 33, 134. 30 

Engineering,  5  per  cent 16, 567, 15 

Total 381,044.45 

The  flood  discharge  from  these  drainage  basins  is  considered  in  the 
d  iscussions  of  t  he  spillway  for  the  Mono  reservoir  site.  Taking  a  maxi- 
mum flood  discharge  of  130  cubic  feet  per  second  per  square  mile  from 
the  entire  207  square  miles  that  are  tributary  to  the  Gibraltar  reser- 
voir site,  the  spillway  of  600  feet  in  length  would  be  running  full  and 
the  water  passing  3i  feet  deep  over  the  top  of  the  masonry  dam. 
This  would  be  a  most  extraordinary  flood,  and  it  is  believed  that  the 
dam,  with  the  gravity  section  that  it  has,  in  addition  to  its  arched 
shape,  would  stand  this. 

In  the  case  of  the  125-foot  dam  such  a  flood  would  pass  over  the 
crest  of  the  dam  9J  feet  deep,  and  the  dam  is  designed  to  withstand 
with  safety  an  overflow  of  10  feet  on  a  gravity  section  without  the  aid 
of  its  curved  shape. 

For  the  95-foot  dam  under  similar  conditions  the  depth  of  water 
would  be  1 1  feet. 

TUNNELS  TO  GIBRALTAR  SITE. 

Because  of  its  elevation  and  location  it  will  not  be  possible  to  use 
the  old  city  tunnel  in  Cold  Spring  Canyon  in  reaching  the  Gibraltar 
reservoir  site.  The  elevation  of  the  surface  of  the  water  at  the 
Gibraltar,  with  a  dam  155  feet  high,  is  1,360  feet  above  sea  level,  and 
the  estimated  elevation  of  the  northern  end  of  the  old  Cold  Spring 
Canyon  tunnel  at  its  northern  portal  would  be  1,457  feet.  The  loca- 
tion also  is  not  suitable  for  the  Gibraltar  site.  Because  of  these  facts, 
a  new  tunnel  location  was  sought  as  an  outlet  for  the  Gibraltar  res- 
ervoir site.  The  triangulation  was  extended  so  as  to  cover  the  dis- 
tance intervening  between  Mission  Canyon  and  the  Gibraltar  dam 
site,  and  it  was  found  that  a  tunnel  from  Mission  Canyon  to  the  Gibraltar 
would  be  19,560  feet  in  length,  and  from  Rattlesnake  Canyon  to  the 
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Gibraltar  it  would  be  20,763  feet  in  length.  The  length  necessary  to 
complete  the  old  tunnel  from  Cold  Spring  Canyon  through  to  Santa 
Ynez  is  14,901  feet.  It  must  be  remembered,  however,  that  the  old 
tunnel  has  very  irregular  grades,  that  the  cross  section  of  it  is  not 
uniform,  and  that  the  alignment  is  irregular.  In  addition  to  that,  the 
present  heading  is  5,000  feet  from  the  portal,  so  that  the  total  length 
of  the  Cold  Spring  Canyon  tunnel,  if  completed,  would  be  19,901 
feet.     Because  of  these  irregularities  in  the  old  tunnel  and  the  dis- 


re*' 


I  2"X6' 


..jy.t'f'i ,., 


3 


■4'X4'k/6' 


FiQ.  16.— Section  of  new  Santa  Barbara  tunnel  in  solid  rock. 

tance  in  from  the  heading,  it  has  been  estimated  that  the  cost  to  com- 
plete it  would  be  at  the  rate  of  $12  a  foot;  the  total  cost  of  completing 
it,  building  roads,  engineering,  etc.,  having  been  previously  estimated 
at$212,833(seep.  77). 

The  following  is  an  estimate  of  the  cost  of  building  the  Mission  or 
the  Rattlesnake  tunnel.** 


«Sinc«  writing  the  above, contracts  have  been  entered  into  for  the  construction  of  the  Mission  Can- 
yon tunnel  line  at  a  figure  slightly  below  this  estimate  (see  p.  43).  Figs.  16  and  17  show  sections  of 
this  tunnel. 
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Fio.  17.~Section  of  new  Santa  Barbara  tunnel  in  looee  rock. 

Estimate  of  cost  of  building  Mission  Canyon  tunnel. 

[Length  based  on  triangulation  by  L.  M.  Hyde.] 

19,560  linear  feet,  at  $10  per  linear  foot $195, 600 

Road  up  Santa  Ynez  River 2, 500 

Road  up  Mission  Canyon 2, 500 

Engineering,  5  per  cent 10, 030 

Contingencies,  10  per  cent 20, 060 

Total  estimated  cost ^230, 690 

Estimate  of  cost  of  building  Rattlesnake  Canyon  tunnel. 

[Length  based  on  triangulation  by  L.  M.  Hyde.] 

20,763  linear  feet,  at  $10  per  linear  foot $207,630 

Road  up  Santa  Ynez  River 2, 500 
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Road  up  Rattlesnake  Canyon $3, 500 

Engineering,  5  per  cent 10, 682 

Contingencies,  10  per  cent 21 ,  363 

Total  estimated  cost 245,675 

COMPARISON  OF  OIBBALTAB  AND  MONO  SITES. 

In  order  to  compare  the  costs  of  the  combined  tunnel  and  reservou* 
for  the  Gibraltar  site  and  for  the  Mono  site,  the  following  table  is 
fidven : 

o 

Table  20. — Comparative  estimates  of  dams  and  tunnel  lines  at  Gibraltar  and  Mono. 

GIBRALTAR. 

95-foot  masonry  overflow  dam  (3,413  acre-feet,  at  $41.61 ) $142, 012 

19,560  feet  of  tunnel  (Mission  line) 230, 690 

Total 372,702 

125-foot  masonry  overflow  dam  (8,558  acre-feet,  at  $29.35) 251 ,  183 

19,560  feet  of  tunnel  (Mission  line ) 230, 690 

Total.. 481,873 

155-foot  masonry  dam  (15,793  acre-feet,  at  $24.13) 381 ,  044 

19,560  feet  of  tunnel  (Mission  line ) 230, 690 

Total 611,734 

155-foot  rock-fill  dam  (15,793  acre-feet,  at  $16.02) 253, 146 

19,560  feet  of  tunnel  (Mission  line ) 230, 6r>0 

Total * 483,836 

MONO. 

85-foot  rock-fill  dam  (3,880  acre-feet,  at  $36) 140, 700 

1 5,006  feet  of  tunnel 2 12, 833 

Total 353,  FSS 

110-foot  rock-fill  dam  (8,670  acre-feet,  at  $24.40) 211 ,  .':86 

15,006  feet  of  tunnel 212, 8;« 

Total 424,419 

85-foot  masonry  dam  (3,880  acre-feet,  at  $93.22) 361, 610 

15,006  feet  of  tunnel 212, 833 

Total .' 574,520 

The  masonry  dam  is  the  better  form  of  construction  for  a  storage 
reservoir.  In  addition  the  abutments  at  the  Gibraltar  reservoir  site 
are  much  more  secure  and  satisfactory  than  at  the  Mono  site.  The 
water  supply  is  more  than  twice  as  great  at  the  Gibraltar  as  at  the 
Mono  and  its  quality  is  better. 

Making  the  comparison  for  masonry  dams,  it  will  be  scon  that  the 
cost  for  the  155-foot  masonry  dam  at  the  Gibraltar  site  would  be 
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$24.13  i>er  acre-foot  of  water  impounded,  while  for  the  85-foot 
masonry  dam  at  the  Mono  site  it  would  be  $93.22  per  acre-foot. 

With  a  125-foot  masonry  dam  at  the  Gibraltar,  the  capacity  of  the 
reservoir  would  be  8,558  acre-feet,  and  the  total  estimated  cost  of 
the  dam  and  tunnel  would  be  $481,873. 

A  110-foot  rock-fill  dam  at  the  Mono  would  have  a  capacity  of 
8,676  acre-feet,  and  with  the  completion  of  the  Cold  Spring  tunnel 
would  cost  $424,419,  which  is  less  than  the  cost  of  the  Gibraltar  125- 
foot  dam.  The  Gibraltar  dam,  however,  would  undoubtedly  be  safer, 
have  fully  twice  the  water  supply  available  for  dry  years,  and  would 
furnish  better  water.  These  things  considered,  there  can  be  no  doubt 
whatever  that  it  is  advisable  to  construct  the  Gibraltar  dam  with  the 
Mission  Canyon  tunnel,  rather  than  the  Mono  site  with  the  comple- 
tion of  the  Cold  Spring  Canyon  tunnel. 

The  real  governing  factor  in  the  entire  situation  is  the  quantity 
and  quality  of  the  water,  and  on  this  basis  there  can  not  be  any 
doubt  that  the  Gibraltar  site  is  far  the  better.  During  the  winter  of 
1902-3  the  total  discharge  of  Mono  Creek  at  the  Mono  reservoir  site 
was  8,934  acre-feet,  while  at  the  Gibraltar  it  was  21,202  acre-feet,  or 
2.4  times  as  much.  In  addition  the  situation  is  such  at  the  Gibraltar 
site  that  the  masonry  dam  can  be  gradually  built  higher  as  the 
demand  of  the  city  for  a  greater  water  supply  grows,  while  there 
are  distinct  limitations  to  the  construction  of  a  higher  dam  at  the 
Mono  site. 

FINANaiL  8TATEIENT. 

The  financial  results  to  be  expected  from  the  expenditure  of  the 
money  necessary  to  build  the  work  above  referred  to  are  not  exten- 
sively considered,  because  it  is  not  so  much  a  question  of  whether 
these  works  can  be  constructed  at  a  commercial  profit  as  it  is  a 
question  of  how  much  it  will  cost  to  get  an  adequate  water  supply 
for  the  locality.  It  goes  without  saying  that  if  the  coast  district 
is  to  continue  to  grow  it  must  have  water,  and  the  only  question 
is  whether  this  can  be  obtained  at  reasonable  cost. 

The  output  from  this  system  should  be  IJ  million  gallons  daily 
for  10,000  people.  On  page  25  it  is  shown  that  in  order  to  meet 
the  worst-known  drought  of  nineteen  months  and  deUver  160  gallons 
daily  for  10,000  persons,  plus  the  evaporation,  a  storage  capacity  of 
3,518  acre-feet  is  required.  This  is  on  the  assumption  that  all  of 
the  water  must  come  from  the  reservoir  and  none  can  be  obtained 
from  the  tunnels  or  streams  on  the  south  side  of  the  range,  a  condi- 
tion which  the  writer  believes  never  will  exist,  but  which  he  assumes 
for  safety.  At  the  Gibraltar  site  a  dam  95  feet  high  will  practically 
accomplish  this  at  a  cost  for  dam  and  tunnel  of  $372,702.  Assuming 
an  interest  rate  of  4i  per  cent  on  this  cost,  we  shall  have  an  annual 
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fixed  charge  of  $16,772.  The  works  will  all  be  permanent.  Con- 
struction and  maintenance  charges  should  be  very  low,  say  $4,000 
per  annum.  Operation  should  not  be  over  $2,000.  This  gives  a 
total  annual  charge  of  $22,772  for  547  million  gallons,  or  a  maximum 
of  4.1  cents  per  1,000  gallons  deUvered  at  the  intake  of  the  domestic 
system.  As  the  dam  is  increased  in  height  the  cost  per  unit  of 
tutorage  and  the  proportional  charge  for  the  tunnel  will  rapidly 
decrease  with  the  resulting  increased  supply.  With  a  dam  155 
ieet  high  on  the  above  basis  the  cost  per  thousand  gallons  would 
be  1.1  cents.  The  long  tunnel  will  undoubtedly  also  itself  con- 
tribute a  material  supply  to  the  city.  Mr.  Canfield,  the  president 
of  the  Santa  Barbara  Water  Company,  states  as  follows: 

Water  is  now  sold  in  Santa  Barbara  at  the  rate  of  about  16  cents  per  thousand  gallons 
to  the  city  for  street-eprinkhng  purposes  (at  the  rate  of  $35,000  per  year  for  1  sqcond-foot), 
and  to  private  consumers  at  from  20  cents  to  25  cents  per  thousand  gallons,  which  are 
moderate  rates  as  compared  with  those  realized  in  some  other  cities  in  this  State,  and  it 
is  believed  that  although  the  development  of  the  business  in  the  future  may  justify  some 
reduction  of  rates,  an  average  rate  of  15  cents  per  thousand  gallons  at  least  c^n  be  calculated 
upon. 

This  is  certainly  a  very  reasonable  charge  for  water  in  southern 
CaUfornia.  The  lowest  meter  rate  known  in  the  State  (that  of  the 
city  of  Los  Angeles)  is  9  cents  per  1,000  gallons  deUvered  to  the 
consumer.  Of  course,  there  must  be  an  intermediate  charge  for 
distribution  system  and  administration  which  comes  after  the  water 
is  delivered  to  the  mains. 

Both  Mr.  Wright  and  Mr.  Purslow  considered  the  construction  of 
these  storage  reservoirs  as  a  profitable  investment  from  a  commer- 
cial standpoint.  If  the  water  was  delivered  free  at  sea  level  to  the 
city,  it  would  cost  two-thirds  as  much  for  fuel  alone  (say  2.7  cents), 
with  triple-expansion  engines,  to  pump  it  to  the  city  reservoir  as  it 
would  to  obtain  it  from  this  contemplated  system  of  storage  reser- 
voirs. If  interest,  depreciation,  and  services  are  considered  it  would 
cost  more  to  pump  it. 

There  would  undoubtedly  also  be  a  very  considerable  element  of 
profit  that  might  be  derived  from  the  water  power  available  from 
the  supply,  since  the  elevation  of  the  southern  portal  of  the  tunnel 
is  approximately  1,200  feet  and  the  elevation  of  the  domestic  reser- 
voirs only  350  feet. 

The  result  of  the  construction  of  the  long  tunnel  probably  will 
be  the  construction  of  the  dam  to  the  maximum  height  conimen- 
sxirate  with  the  water  supply  of  Santa  Ynez  River  by  the  city,  or 
by  other  parties  who  might  make  arrangements  with  the  city  for 
carrying  water  through  this  long  tunnel.  This  should  be  a  condi- 
tion that  the  city  would  encourage."*     The  water  not  required  by  the 


fl  Since  writing  the  above  the  dty  has  entered  Into  a  contract  with  the  Santa  Barbara  Water  Com- 
pany to  permit  of  such  a  use  of  the  city  tunnel  by  the  company. 
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municipality  would  be  used  in  developing  and  irrigating  the  beau- 
tiful coast  plain  near  Montecito  or  in  other  adjoining  locaUties. 
The  improvement  of  this  region  would  ^  of  course,  add  to  the  pros- 
perity of  the  county  and  city  of  Santa  Barbara. 

In  this  report  estimates  on  right  of  way  have  not  been  mcluded. 

C0XCIAT810NS. 

In  conclusion  it  may  be  stated — 

(1)  That  the  only  extensive  addition  that  can  be  made  to  the 
water  supply  of  the  Santa  Barbara  coastal  plain  is  by  the  construc- 
tion of  a  tunnel  from  Santa  Ynez  River  to  the  coast  side  of  the 
mountains  and  the  building  of  an  impounding  reservoir  for  the 
holding  of  the  winter  flood  waters  of  Santa  Ynez  River. 

(2)  That  by  far  the  most  desirable  point  on  Santa  Ynez  River 
for  this  construction  is  the  Gibraltar  reservoir  site. 

(3)  That  the  water  can  be  delivered  at  a  reasonable-cost  for  both 
irrigation  and  domestic  use  to  Santa  Barbara  and  vicinity  from  this 
site,  and  the  construction  is  beUeved  to  be  entirely  justified  and 
commercially  feasible. 


Digitized  by  VjOOQIC 


INDEX. 


A. 


Page. 


Acre-foot,  deflnitloii  of 50 

equivalent  of 25 

Alder  Creek,  water  supply  of 

Aguila  Canyon,  water  supply  of 

Annes  Canyon,  water  supply  of 

Annito  Canyon,  water  supply  of 

Arrowhead  reservoir,  location  of 


Bennett,  S.  0.,  work  of 

B^yrlc,  Robert,  contract  with 

Blue  Canyon,  reservoir  site  below  mouth  of. 

reservoir  site  in,  data  concerning 

Burro,  Arroyo,  water  supply  of 


57 

43 

14,19 

19,71 

13 


C. 

Canfield,  R.  B.,  report  on  water   supply 

by 21 

Capitan,  El,  Canyon,  water  supply  of 

Camero,  Arroyo,  water  supply  of 

Carplntarla  Creek,  valley  of,  water  supply 

for 

water  supply  of 

City  tunnel,  old.    See  Cold  Spring  Canyon 
tunnel. 

Clapp,  W.  B.,  work  of 40,58, 

Climate,  character  of 

Coast  Range,  location  and  character  of 

rainfall  on 

Cold  Spring  Canyon,  tunnel  In,  bulkhead 

in 

tunnel  in,  bulkhead  in,  view  of 

construction  of 

cost  of 

description  of 

discharge  of 

elevation  of 18, 

extension  of 19,34,40-41, 

length  of 41 

reservoir  in 

water  of,  analysis  of 

water  supply  of 

Cold  Spring  Creek,  water  of,  analyses  of  . . . 

Corral.  Cafiada  del,  water  supply  of 

Coyote  Creek,  flow  of  Ventura  River  at  . . . 
Cuddy's  ranch,  rainfall  at 


22,95 
13 
13 

13 
12 


10 
10 
49 

3^-36 

32 

33 

34 

33-34 

35-40 

34,41 

90-91 

90-91 

35 

55,57 

12,25 

.56-57 

13 

44 

48 


De  la  Ouerra  wells,  description  of 33 

flow  of 11,25,33,40 

water  rights  In 17 

Del  Corral,  Cafiada,  water  supply  of 13 

IRR  116—95^—7 


Page. 

Dlnsmore  Canyon,  water  supply  of 12 

Dodge,  J.  A.,  analyses  by 56-58,60-61 

on  quality  of  Santa  Barbara  water 55- 

56,62-63 

Domestic  ditch,  data  concerning 44 

Dos  Pueblos  Canyon,  valley  of.  water  sup- 
ply for  13 

water  supply  of 13 

Drainage,  character  of 10 

E. 

El  Capitan  Canyon,  water  supply  of 13 

Evaporation  from  reservoirs,  amount  of  . .       24 

F. 

FIcay  Creek,  water  supply  of 12 

Forests,  protection  of 66-67 

Fort  Tejon  (old),  rainfall  at 48 

G. 

Gaging  stations,  location  of 9 

Gates  water-supply  system,  property  of . . .       23 
Geological  Survey,  U.  S.,  stream  measure- 
ments by 12, 15 

work  of 9, 48 

Gibraltar  reservoir  site,  capacity  of 25, 

.W,  67, 82, 95 

cost  of 42,93-96 

dam  of 68, 80-90 

cost  of 84-85, 88-90 

diagrams  showing 83, 86, 87, 88, 89 

diagram  of 81 

drainage  area  of 51, 80 

elevation  of 90 

flow  at 42,52-55,80 

location  of 20, 80 

superiority  of 42,93-94,96 

tunnels  to,  construction  of 43 

cost  of 43,91-94 

elevation  of 18, 90 

length  of 90-91 

views  at 80 

Qlassford,  Lieutenant,  on  Santa  Ynez  rain- 
fall          49 

Gobernador  Creek,  water  supply  of 12 

Goleta  quadrangle,  map  of.  publication  of . .         9 

Goleta  Valley,  water  supply  for 13 

Guerra,  de  la,  wells.    See  De  la  Guerra  wells. 

H. 

Hall,  William  Hammond,  rainfall  map  by. .       49 
Uamlln,  Homer,  work  of 40 

97 


Digitized  by  VjOOQIC 


98 


INDEX. 


Page. 

Haywood,  J .  K.,  on  quality  of  water 64 

Henderson's  ranch*  flow  at 76 

Hilgard.  E.  W.,  on  quaUty  of  water 64 

Hot  Springs,  water  of,  analysis  of 55 

Hunt,  E.  J.,  contract  with 43 

Hyde,  L.  M.,  work  of 61 

J. 

Juncal  reservoir  site,  capacity  of 14, 20,67 

cost  of 14 

damof 68 

drainage  area  of 14-15,61,67 

inadequacy  of 16, 19 

location  of 14 

run-off  at 20-21,53,67 

water  supply  for 14,20 

K. 

Kellogg,  F.E.,  site  suggested  by 22 

L.. 

Laguna  Blanca  Water  Company,  supply  of .  13 

Las  Varas  Cafkada,  water  supply  of 13 

Llaces,  Cafiada,  water  supply  of 13 

Los  Angeles,  cost  of  water  at 95 

water  consumption  of 24 

Los  Prietos  y  Najalayequa  ranch,  acquire- 
ment of,  by  United  States 66 

grazing  on 66 

water  rights  of 17 

M. 

Main  River  reservoir  site,  capacity  of 68, 70 

damof .' 68-69 

diagram  showing 68, 60 

drainage  area  of 19,51 

location  of 19 

rainfall  at 19 

run-off  at 53 

underflow  at 20 

Manson,  Marsden,  rainfall  map  by 49 

Maria  Yglacia  Canyon,  water  supply  of 13 

Matillja,  flow  of  Ventura  River  at 44 

Means,  T.  H.,  on  quality  of  Santa  Barbara 

water 63-65 

Miner's  inch,  equivalent  of 12 

Mission  Canyon,  tunnel  from 90-94 

tunnel  from,  construction  of 43 

cost  of 43,91-94 

diagram  of 91, 92 

elevation  of 18 

water  of,  analysis  of 65 

water  rights  on 17 

water  supply  of 11, 12,26-30,40 

Mission  dam,  flow  of  Mission  Cteek  at...  27,28,30 

Mono  Creek,  flow  of 52-54, 72 

gaging  station  on 9 

rainfall  on 61 

water  of.  analyses  of 57-W,  65 

Mono  reservoir  site,  capacity  of 25, 55, 67, 71 

cost  of 42,93-94 

damof 68,72-78 

cost  of 77, 78 

diagrams  8ho^^ing 70, 74, 75 

diagram  showing 70 


Page 

Mono  reservoir  site,  drainage  area  of 61,72 

elevation  at 41,66,72 

flow  at 42 

outlet  for 19 

tunnel  to 19, 40-41, 72,90^1 

coat  of 77,91 

length  of 41,90-91 

view  at 14.22 

Montedto  district,  character  of IS 

water  supply  for 13,96 

Mount  Pinos,  altitude  of 10,48 

Mount  Pinoe  quadrangle,  map  of,  publica- 
tion of 9 

Moyer,  J.  L.,  report  of,  on  water  supply ...      22 
Mutau  Flat,  rainfall  at 4M9 

N. 

Newell,  F.  H.,  letter  of  transmltUl  by 7 

rainfall  and  run-off  curve  by 50 

Newell  curve,  explanation  of 50 

Nordhoff,  elevationat 4S 


Oil  Canyon,  water  supply  of 12 

P. 

Pa  rldo  Canyon,  water  supply  of 12 

Phoenix,  Ariz.,  water  of,  quality  of 65 

Pine  Mountain  and  Zaca  Lake  Forest  Re- 
serve, location  of 66 

Pipe  line,  availability  of 30 

Plru  Creek,  flow  of 76 

rainfall  on 4S 

Purslow,  E.  J.  S.,  on  Main  River  site » 

on  rainfall » 

on  Santa  Barbara  water  supply 17-22  95 

report  of,  on  Juncal  reservoir  site 14,67 


Quality  of  water,  data  concerning 55-66 

Quiclcsilver  reservoir  site,  capacity  of 80 

diagrams  of 7& 

location  and  character  of TMO 

views  at 7b 

R. 

Rainfall,  data  concerning 4M9 

relation  of  run-off  and 50 

diagram  showing 15 

Rankin,  H.,  work  of 5M0 

Rattlesnake  Canyon,  ttmnel  from 90^ 

I         water  supply  of 12,30^ 

Refugio,  Cai\ada,  water  supply  of 13 

Rincon  Canyon,  water  supply  of 12 

Rocks,  character  of 10 

Run-off,  diagram  showing 15 

relation  of  rainfall  and 50 

8. 

Salt  Springs  Valley  reservoir,  location  of . . .  50 

San  Jose  Creek,  water  supply  of 13 

San  Pedro  Creek,  water  supply  of 13 

Santa  Barbara,  city  reservoirs  at 3^ 

city  waterworks  of 23 

cooperation  of 9,4S 


Digitized  by  VjOOQIC 


INDFX. 


99 


Page. 
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